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(54) An automated blood analysis system 

(57) A blood analysis system or instrument, gener- 
ally, including an incubator station, a sample and rea- 
gent holding station, a pipette assembly, a centrifuge, 
an analysis station, and a transport assembly. General- 
ly, the incubation station holds containers while rea- 
gents and fluids are being dispensed in those contain- 
ers, and, if desired, for incubating the containers. The 
sample and reagent holding station holds samples and 
a plurality of reagents, and the pipette assembly trans- 
fers fluids from that sample and reagent holding station 
to containers in the incubation station. The centrifuge is 
provided for centrif uging the container, and the analysis 
station is provided to analyze the containers optically to 



identify reactions therein. The transport assembly car- 
ries the containers between the incubator station, the 
centrifuge, and the analysis station. Preferably, the pi- 
pette assembly is automatically operated to draw fluids 
and preselected reagents from the sample and reagent 
holding station, and to dispense fluids into the contain- 
ers held in the incubation station to produce predeter- 
mined solutions therein. Also, the transport subassem- 
bly is automatically operated to carry containers from 
the incubator station to the centrifuge after the prede- 
termined solutions have been produced in the contain- 
ers, and then to carry the containers from the centrifuge 
to the analysis station. 
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Description 

[0001] This invention generally relates to systems and methods for analyzing solutions such as blood samples, and 
more specifically, to such systems and methods that analyze blood samples by detecting and quantifying agglutinates 
5 formed in those samples in response to immunological reactions. Even more particularly the invention relates to an 
automated system and method for analyzing blood samples in this way. 

[0002] Immunological agglutination reactions are used for identifying various kinds of blood types and for detecting 
various kinds of antibodies and antigens in blood samples and other aqueous solutions. In a conventional procedure, 
a sample of red blood cells is mixed with serum or plasma in test tubes or microplates, and the mixture may then be 

10 incubated and centrif uged. Various reactions either occur or do not occur depending on, for example, the blood type 
of the red blood cells or whether certain antibodies are present in the blood sample. Typically, these reactions manifest 
themselves as clumps of cells or particles with antigens or antibodies on their surfaces, referred to as agglutinates. 
Thus, the absence of any such clumps indicates that no reaction has occurred; and the presence of such clumps 
indicates that a reaction has occurred, with the size and amount of such clumps being a quantitative indicator of the 

is level or concentration in the sample, or an indicator of the reaction strength, affinity of the complex for which the blood 
sample was tested. 

[0003] Recently, a new agglutination test method, referred to as column agglutination technology, or CAT, has been 
developed. Column Agglutination Technology may be defined as the analysis of blood and blood products utilizing 
filtration as a means of separating agglutinated, precipitated, absorbed or adsorbed particulate components from non- 
20 reactive components for immunoassay applications. In this method, gel or glass bead microparticles are contained 
within a small column, referred to as a microcolumn. A reagent such as anti-A is dispensed in a diluent in the micro- 
column and test red blood cells are placed in a reaction chamber above the column. The column, which is typically 
one of a multitude of columns formed in a transparent cassette, is centrif uged. The centrif uging accelerates the reaction, 
if any, between the reagent and the blood cells, and also urges any cells toward the bottom of the column. The glass 
25 beads or gel in the microcolumn act as a filter, however, and resist or impede downward movement of the particles in 
the column. As a result, the nature and distribution of the particles in the microcolumn after centrifuging provides a 
visual indication of whether any agglutination reaction occurred in the microcolumn, and if so, of the strength of thai 
reaction. 

[0004] In particular, if no agglutination reaction occurs, then all or virtually all of the red blood cells in the microcolumn 
30 pass downward, during centrifuging, to the bottom of the column and form a pellet at that bottom. If there is a very 
strong reaction between the reagent and the red blood cells, virtually all of the red blood cells agglutinate, and large 
agglutinates form at the top of the microcolumn, above the gel or glass beads contained therein. The gel or glass beads 
prevent the agglutinates from passing, during centrifuging, to the bottom of the column, so that after centrifuging the 
agglutinates remain on the surface of the gel or beads. 
35 [0005] If there is a reaction between the reagent and the blood cells, but this reaction is not as strong as the above- 
described very strong reaction, then some but not all of the red blood cells agglutinate. The percentage of red blood 
cells that agglutinate and the size of the agglutinated particles both vary directly with the strength of the reaction. During 
centrifuging, the unreacted blood cells pass to the bottom of the column, and the distance that the agglutinated particles 
pass downward through the column depends on the size and number of those particles. Hence, the size of the pellet 
40 of red blood cells at the bottom of the microcolumn, and the extent to which the agglutinates penetrate into the gel or 
glass beads in the microcolumn, are both inversely related to the strength of the reaction between the reagent and the 
red blood cells. 

[0006] With this CAT, after the desired processing steps have been performed, the microcolumn is observed, or read, 
by a human operator, who then classifies the reaction between the reagent and the red blood cells. Conventionally, 
45 the reaction is classified as either negative or positive; and if positive, the reaction is then further classified into one of 
four classes depending on the strength of the reaction. 

[0007] Conventional blood analysis systems include a multitude of stations or assemblies, each of which performs 
one or more functions, and typically a significant amount of operator supervision and labor is needed to operate the 
systems. For instance, an operator may be needed to move the test samples into an initial position in the system, or 

so from place to place, or station to station, in the system. Also, significant operator time, care and skill may be required 
to insure that each station operates properly, and to analyze, or read, the results of each reaction. 
[0008] The cassettes used with this invention frequently have differing reagents at each different well. That is, a 
preferred use of the cassettes is to do blood typing, with each well being dedicated to a particular type of blood type. 
Hence, the first well in the sequence may be for type B blood, the second for type A, and a third for type AB. The 

55 cassettes' cover has to be pierced to allow blood sample to be introduced, and a problem occurs if the piercing means 
used on one well, say type A, is also used on the well for another reaction, say type B. That is, such a piercing means 
can carry over the antibody for type A, to the well for type B, and sample added thereto which is type A, will produce 
a false positive reaction, and therefore a false interpretation, since both antibodies are now present. Although probes 
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have been washed to prevent carry-over in the past, such washing is prohibitive if as here many wells' covers have to 
be punctured in each cassette. There is a need then to prevent such carryover, without requiring the punches to be 
washed. 

[0009] Therefore, a problem solved by this invention is to provide means and method for opening cassettes with a 
punch without contaminating one part of the cassette with the contents of another part. 

[0010] This and other problems are solved by a blood analysis system or instrument, generally, including an incubator 
station, a sample and reagent holding station, a pipette assembly, a centrifuge, an analysis station, and a transport 
assembly, and preferably the analysis system further includes a drawer assembly and control means. 
[0011] Generally, the incubation station is provided for holding containers while reagents and fluids are being dis- 
pensed in those containers, and, if desired, for incubating the containers. The sample and reagent holding station is 
provided for holding samples and a plurality of reagents, and the pipette assembly is provided for transferring fluids 
from that sample and reagent holding station to containers in the incubation station. The centrifuge is provided for 
centrif uging the container, and the analysis station is provided to analyze the containers optically to identify reactions 
therein. The transport assembly is provided to carry the containers between the incubator station, the centrifuge, and 
the analysis station. The drawer assembly is provided for holding a supply of containers, and preferably a supply of 
each of a multitude of types of containers are held in the drawer assembly. With this preferred embodiment, the transport 
assembly also carries the containers from the drawer assembly to the incubator station. 

[0012] The control means is connected to the pipette assembly and to the transport assembly. The control means 
operates the pipette assembly to draw fluids and preselected reagents from the sample and reagent holding station, 
and to dispense fluids into the containers held in the incubation station to produce predetermined solutions therein. 
Also, the control means operates the transport subassembly to carry containers from the drawer assembly to the 
incubator station, to carry containers from the incubator station to the centrifuge after the predetermined solutions have 
been produced in the containers, and then to carry the containers from the centrifuge to the analysis station. 
[0013] Further benefits and advantages of the invention will become apparent from a consideration of the following 
detailed description given with reference to the accompanying drawings, in which: 

[0014] Figure 1 is a simplified top plan view of a blood analysis instrument embodying the present invention. 
Figure 2 is a simplified front view of the blood analysis instrument. 
Figure 3 is a perspective view of the blood analysis instrument. 
Figure 4 is a schematic block diagram of the blood analysis instrument. 
Figure 5 is a front view of a cassette that may be used in the instrument of Figures 1 -4. 
Figure 6 is a side view of the cassette of Figure 5. 
Figure 7 is a top view of the cassette. 

Figure 8 is a more detailed, top view of the incubation station of the instrument shown in Figures 1-4. 
Figure 9 is a cross-sectional view of the incubation station. 
Figure 10 is a side view of a piercing assembly of the incubation station. 
Figure 1 1 shows the cover for the incubation station. 

Figure 1 2 is a top view illustrating the sample and reagent holding station of the analysis instrument of Figures 
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Figure 13 is a cross-sectional view of the sample and reagent station. 

Figure 14 is a side view of a hold down assembly of the sample and reagent holding station. 

Figure 1 5 is a front view of the hold down assembly. 

Figure 16 is a top view of the hold down assembly. 

Figure 17 shows the pipette assembly of the blood analysis instrument illustrate in Figures 1-4. 
Figure 1 8 is a side view of the pipette assembly. 
Figure 19 illustrates the pipette of the pipette assembly. 

Figure 20 shows the centrifuge of the blood analysis instrument shown in Figures 1 -4. 
Figure 21 is a cross-sectional view of the centrifuge. 
Figure 22 is a top view of the rotor of the centrifuge. 

Figure 23 is an enlarged view showing the rotor arms and cassette mounting brackets of the centrifuge. 

Figure 24 is a side view of one of the rotor arms and mounting brackets. 

Figure 25 shows a pair of the mounting brackets, and a cassette held therebetween. 

Figure 26 is a top view of one of the mounting brackets. 

Figure 27 illustrates the centrifuge cover. 

Figure 28 illustrates in greater detail the analysis station of the instrument shown in Fic.ures 1-4. 
Figure 29 is a schematic diagram of portions of the analysis station. 

Figure 30 is a schematic diagram of the processing subsystem used with the analysis station. 

Figure 31 illustrate a side view of the transport assembly of the blood analysis instrument shown in Figures 1 -4. 

Figure 32 is a front view of the transport assembly. 



3 



NSDOCID: <EP 0895088A2_I_> 



EP 0 895 088 A2 



[0046] Figure 33 is a top view of a drawer of the drawer subassembly of the instrument shown in Figures 1 -4. 
[0047] Figure 34 is a side view of the drawer. 
[0048] Figure 35 is an end view of the drawer. 

[0049] Figure 36 is a top view of a slide tray that is held in the drawer of Figures 33-35. 
5 [0050] Figure 37 is a side view of the slide tray. 
[0051] Figure 38 is an end view of the slide tray. 

[0052] Figure 39 shows a cassette sensor bar of the drawer subassembly. 

[0053] Figure 40 shows the architecture of the control system of the blood analysis instrument illustrated in Figures 
1-4. 

10 [0054] Figures 41 and 42 show a main work procedure for the blood analysis instrument. 

[0055] Figures 43 and 44 show a continue operation work procedure for the blood analysis instrument. 

[0056] Figure 45 shows a cassette waste procedure for the blood analysis instrument. 

[0057] Figures 46-48 illustrate a cassette storage procedure for the blood analysis instrument. 

[0058] Figures 49-51 show an open instrument cover procedure for the blood analysis instrument. 
is [0059] Figure 52 shows a batch definition procedure for the blood analysis instrument. 

[0060] Figures 53 and 54 illustrate a sample access door procedure for the blood analysis instrument. 

[0061] Figures 55-59 illustrate a batch processing procedure for the blood analysis instrument. 

[0062] Figure 60 outlines a procedure for analyzing the optical image produced in the blood analysis instrument. 

[0063] Figures 61 and 62 show a Reviewing Results procedure for the blood analysis instrument. 
20 [0064] Figure 63 is a fragmentary isometric view of a preferred form of the piercing mechanism which prevents 

reagent carry-over. 

[0065] Figure 64 is a plan view in section of the punch barrels of Fig. 63, taken along the axis of the barrels, the 
right-hand barrel having been rotated 90° from its position in Fig. 63. 

[0066] Figure 65 is a schematic lay-out of the punches of the two barrels of Fig. 64, identifying the position of each 
25 punch. 

[0067] Figure 66 is a fragmentary elevational view in section taken generally through the line marked as n 66-66 n in 
Fig. 63. 

[0068] Figure 67 is a fragmentary elevational view in section, showing details of the cassette stripper mechanism. 
[0069] With reference to Figures 1-4, blood analysis system or instrument 100 generally includes incubator station 

30 200, reagent and sample holding station 300, pipette assembly 400, centrifuge 500, analysis station 600, and transport 
assembly 700; and preferably system 100 further includes control means 800, drawer assembly 900, and a special 
holding area 950. With the preferred embodiment of system 100 shown in Figures 1-4, incubator station 200 includes 
cassette rack 202 and piercing assembly 204; and the cassette rack 202 includes first and second sections 206 and 
210, and motor 212. Sample and reagent station 300 includes sample rack 302, reagent rack 304, drive means 306, 

35 tube hold down assembly 308 and bar code reader 310. Pipette assembly 400 includes pipette 402 and robot arm 404, 
and preferably this assembly also includes shallow and deep wash areas 406 and 410 and a pair of cell dilution racks 
412. Centrifuge 500 includes rotor 502 and motor 504. Analysis station 600 includes holding means 602, illumination 
means 604, imaging subsystem 606, processing subsystem 610, transport subsystem 612, storage rack 61 4, barcode 
reader 616, and waste receptacle 620. Transport assembly 700 includes robot arm 702 and gripper 704; control means 

40 800 includes central control unit 802, processor 804, keyboard 806, and keyboard terminal 810; and drawer assembly 
900 includes drawer 902, slide tray 904, motor 96 and sensor bar 910. 

[0070] Incubation station 200 is provided for holding containers or receptacles while reagents and fluids are being 
dispensed in those containers, and, if desired, for incubating the containers. Station 300 is provided for holding blood 
samples and a plurality of reagents, and pipette assembly 400 is provided for transferring fluids from station 300 to the 

45 containers in incubation station 200. Centrifuge 500 is provided for centrif uging the containers, and analysis station is 
provided to analyze the containers to identify reactions therein. Transport assembly is provided to carry the containers 
between incubator station 200, centrifuge 500, and analysis station 600. Drawer assembly 900 is provided for holding 
a supply of the containers that are used in instrument 100, and preferably assembly 900 holds a supply of each of a 
multitude of types of containers that are used in instrument 100. 

so [0071] Control means 800 is connected to pipette assembly 400 and to transport assembly 700. The control means 
operates the pipette assembly to draw blood and reagents from station 300, and to dispense blood and reagents into 
containers held in incubation station 200 to produce predetermined solutions therein. The control means also operates 
transport assembly 700 to carry containers from drawer assembly 900 to the incubator station, to carry containers from 
the incubator station to centrifuge 500 after the predetermined solutions have been produced in the containers and 

55 then to carry the containers from the centrifuge to analysis station 600. 

[0072] The preferred embodiment of system 100 described herein in detail is particularly well suited for analyzing 
blood samples, and these samples are often referred to as solutions. It should be noted that the present invention may 
be embodied in systems that analyze other materials, including other aqueous solutions such as urine. It is not nec- 
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essary, though, that the material being analyzed be a liquid or a fluid; and, thus, the term "solution" as used herein is 
used in the general sense as any mixture of liquid, qaseous, or solid substances. 

[0073] In addition, a large variety of types and sizes of containers may be used in the practice of the present invention; 
however, the preferred embodiment of system 100 described herein in detail is particularly well suited for use with 
s containers of the type shown at 1 20 in Figures 5, 6, and 7. These containers, referred to as cassettes, are made from 
a transparent, integrally molded plastic material. A multitude of cavities or wells 122, referred to as columns or micro- 
columns, are formed in the cassettes and extend downward from the top edge of the cassette, and, for example, the 
cassette shown in Figures 5-7 contains six such microcolumns. 

[0074] A multitude of very small, transparent glass beads, having diameters on the order of magnitude of 10 to 100 
10 micrometers, are deposited in and form a filter in the lower portion of each microcolumn. Alternately, the lower portion 
of each microcolumn may be provided with a suitable gel that functions in the same general way as the microbeads. 
Reagents may be pre-dispensed in the columns of the cassette; and after the columns of the cassette are provided 
with the desired materials, a foil 124 is typically secured on the top edge of the cassette to cover and close the tops 
of columns 122. 

15 [0075] Preferably, each cassette 1 20 is provided with a bar code identifying various data about the cassette, and bar 
code reader 1 30 is provided to read the bar code on each cassette and to transmit the data thereon to processor 804. 
For example, the bar code on the cassette may identify the cassette type, the date of manufacture of the cassette, and 
a recommended expiration date for the cassette. The bar code may include other data that identify the cassette man- 
ufacturer as well as the time and place of manufacture. As shown in Figure 1 , the code reader, which may be a standard 

20 bar code reader, is preferably located so that the reader scans the bar code on each cassette immediately, after the 
cassette is withdrawn from drawer assembly 900. 

[0076] With reference again to Figures 1-4, in the operation of instrument 100, a cassette 120 is moved in drawer 
assembly 900 to a position where gripper 704 of transport assembly 700 has access to the cassette, and then the 
gripper picks up the cassette and moves the cassette in front of bar code reader 1 30. The bar code reader verifies, for 
example, that the cassette is properly oriented, that the proper cassette has been removed from the drawer assembly, 
and that the expiration date for the cassette has not been reached. Also, the bar code reader may read a unique 
sequence number on the cassette, and this number may be used to identify and to keep track of the cassette during 
its movement through instrument 1 00. 

[0077] If the checks made by the bar code reader show that the cassette is acceptable, then the gripper places the 
cassette into incubator rack 202, and the incubator positions the cassette beneath piercing assembly 204. That as- 
sembly 204 operates to pierce openings in the top of the cassette, and then the incubator moves the cassette to a 
position where pipette 402 is able to dispense fluids into the cassette. The pipette is then operated to draw fluids from 
reagent and sample racks 302 and 304 and to deposit the appropriate reagents and samples into the cassettes. After 
this, the cassette may be incubated, and the cassette is carried by gripper 704 to centrifuge 500 and deposited therein. 
35 |f necessary, a balance cassette may also be placed in the centrifuge by the gripper. The centrifuge then spins the 
cassette, first for two minutes at 55 g and then for three minutes at 1 99 g. 

[0078] At the end of the spin, gripper 704 removes the cassette from centrifuge 500 and places the cassette in 
storage rack 612 of analysis station 600, and this storage rack then positions the cassette immediately adjacent the 
cassette. holder 602. Transport subassembly transfers the cassette from rack 612 to holder 602, and an image of the 
cassette, or pertinent portions thereof, is produced on imaging subsystem 606. A digitized image of the cassette, or 
the pertinent portions thereof, is obtained, and the digitized data is processed to determine if a reaction occurred in 
the cassette and.iif so, to classify :the reaction. If analysis station 600 can adequately grade the reaction, then the 
cassette is moved into waste receptacle 614. However, if the cassette reaction is not readable, then the cassette is 
placed into holding area 950, to be read by the user. 
45 [0079] A multitude of tests may be simultaneously performed on instrument 100. For these tests, the user transmits 
data to process controller 804 identifying the type of test or tests to be performed on each of one or more blood samples; 
and the process controller then determines the type and number of cassettes needed to perform these tests and the 
type and amount of reagents that need to be dispensed into each cassette in order to perform the requested tests. 
Further, preferably, process controller 804 controls the operation of transport assembly 700 to move the necessary 
cassettes in and around instrument 100 in the desired manner, and to expedite completion of all of the test being 
performed by the instrument. With instrument 100, after the user places the blood samples in the instrument and 
identifies the test or tests to be performed on each sample, the user is not needed to supervise or monitor any further 
operation of the instrument. At the same time, instrument 1 00 allows the user to place additional blood samples in the 
instrument and to request additional tests even while the instrument is performing other tests. 
55 [0080] Figures 8 and 9 illustrate incubator station 200 in greater detail; and, as previously mentioned, this station 
generally includes cassette rack sections 206 and 210, piercing assembly 204 and motor 212. Moreover, preferably, 
rack sections 206 and 210 include first and second rotatable, concentric carousels or rings. In addition, piercing as- 
sembly 204 preferably includes support subassembly 214 and piercing needles 216; and subassembly 214 includes 
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frame 220, slide bracket 222. and motor means 224. 

[0081] Rack 202 is provided for holding a multitude of cassettes 1 20. The first section 206 of rack 202 is comprised 
of a substantially solid body made, for example, from aluminum, and forming a multitude of radial recesses 226 for 
receiving cassettes 120; and preferably, this section of rack 202 includes means to heat or incubate the cassettes 
s placed therein. Rack section 206 has the general shape of a cylinder and is rotatably mounted on a central vertical 
shaft 230. 

[0082] Second rack section 210 also forms a multitude of recesses 232 for receiving cassettes 1 20, and preferably 
rack sections 206 and 210 are connected together for unitary movement. With the embodiment of incubating station 
200 shown in Figures 8 and 9, rack section 210 includes a generally flat annulus or ring connected to and radially 

10 extending outward from first rack section 206. Rack section 210 is concentric with rack section 206, and the two rack 
sections rotate together about the axis of shaft 230. Also, recesses 226 are uniformly spaced around rack 206, and 
recesses 232 are uniformly spaced around rack 210. As shown in Figure 8, rack 210 contains twice the number of 
recesses as rack 206, and the recesses 226 and 232 are positioned so that every other recess 232 of rack 210 is 
radially aligned with a respective one of the recesses 226 of rack 206. Preferably, the upper surfaces of recesses 226 

is and 232 are shaped and sized so that these upper surfaces engage the side surfaces of cassettes 120 and hold the 
cassettes in place in the rack sections, as shown in Figure 9. 

[0083] Motor 212 is provided to rotate racks 206 and 210 about shaft 230. More specifically, motor 212 includes 
rotatable motor shaft 212a, and pulley 234 is mounted on that motor shaft for rotation therewith. Belt 236 is mounted 
on pulley 234 and extends around the outer circumferential edge of rack 210. Rotation of motor shaft 212a rotates 
20 pulley 234, and this pulls belt 236 around pulley 234 and the outside edge of rack section 210, rotating rack sections 
206 and 210 about the axis of shaft 230. 

[0084] Piercing assembly 204 is provided to pierce the top covers 1 24 of cassettes 1 20. With particular reference to 
Figures 9 and 10, support subassembly 214 of the piercing assembly extends over rack sections 206 and 210, and 
piercing needles 216 are mounted on subassembly 214 for upward and downward reciprocating movement. Means, 
25 such as electric solenoids, are connected to those needles to reciprocate the needles and, thereby, to pierce the covers 
of cassettes 120 held in racks 206 and 210. 

[0085] More specifically, frame 220 of subassembly 214 includes outer, inner, and lateral support members 240, 242, 
and 244. Outer member 240 is secured to and extends upward from a panel 106 of instrument 100, and inner support 
member 242 is supported by and extends upward from shaft 230. Lateral support member 246 is connected to and 

30 extends between support members 242 and 244, and this lateral support member extends over racks 206 and 210 
and recesses 226 and 230 thereof. Slide bracket 222 is mounted on lateral support member 244 for sliding movement 
therealong, over racks 206 and 210. Motor 224 is mounted on lateral support member 244 and is connected to slide 
bracket 222 to slide that bracket along support member 244. Needles 216 are mounted on slide bracket 222 for move- 
ment therewith across racks 206 and 210; and in particular, each needle is adapted to move across a respective one 

35 of the racks. Needles 216 are also mounted on bracket 222 for the above-mentioned upward and downward movement 
of the needles. 

[0086] In the operation of incubation station 200, cassettes 120 are placed in rack section 206 or rack section 210 
depending, respectively, on whether the cassettes are or are not to be incubated. After the desired number of cassettes 
have been placed in racks 206 and 210, the racks are rotated to align the cassettes below piercing assembly 204, and 
40 in particular, below the piercing needles 216. When a given cassette is positioned below one of the needles 216, that 
needle is moved over the cassette to position the needle directly above each column 122 of the cassette that is to be 
opened; and when the needle is directly above such a column, the needle is reciprocated to pierce the cassette cover 
124 over that column and, thereby, to form a top opening into that column. 

[0087] Preferably, a top cover 250, shown in Figure 1 1 , is provided for rack 202, and this cover forms two openings 
45 250a and 250b, each of which radially extends across both the circle formed by recesses 226 and the circle formed 
by recesses 232. First opening 250a is large enough to allow gripper704 of transport assembly 700 to place cassettes 
1 20 into and remove cassettes from rack 202 through this opening 250a, and a cassette held directly below this opening 
is said to be in the gripper access position. Second opening 250b is large enough to allow pipette 402 to dispense 
blood samples and reagents into the columns 122 of cassettes 120 located directly below this opening, and a cassette 
so held directly below this opening 250b is said to be in the solution receiving position. 

[0088] When it is desired to place a cassette in one of the recesses of rack 202, that recess is moved beneath the 
access opening 250a, and the transport assembly 700 then drops a cassette into that recess. Subsequently, this cas- 
sette is moved beneath piercing assembly 204, and the cassette cover 124 is pierced at the appropriate locations to 
form openings in the desired columns of the cassette. Then, the cassette is moved beneath opening 250b, and selected 
55 blood samples and reagents are dispensed into selected columns of the cassette. After this, the cassette may be 
incubated, and then the cassette is moved back beneath access opening 250a, where the cassette can be gripped 
and removed from rack 202 by the transport assembly. 

[0089] With reference to Figures 12 and 13, fluid station 300, generally, comprises sample rack 302, reagent rack 
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304, and drive means 306, and preferably the station further includes tube hold down assembly 308 and bar code 
reader 310. More specifically, sample rack 302 includes bottom plate 312 and body 314, and the body includes a 
multitude of separate segments 316, each of which forms a multitude of container receptacles 320. Reagent rack 304 
includes bottom plate 322 and body 324, and this body forms a multitude of container receptacles 326. Drive means 
306 includes support shaft 330, drive shaft 332, pulleys 334 and 336, collars 340 and 342, motor means 344, and 
transmission means 346. Preferably, the motor means is a stepper motor, and transmission means 346 includes pulley 
350 and belt 352. Tube hold down assembly 312 includes support subassembly 354, arm 356, and connecting means 
360, and preferably this support subassembly includes frame 362 and shaft 364. In addition, as shown in Figure 12, 
assembly 308 further includes means to pivot shaft 364 and arm 356, and this pivot means includes motor 366, pulleys 
370 and 372, and belt 374. Fluid station 300 is described in detail in copending application No. , for "Apparatus for 
Holding Containers of Solutions,' filed herewith, the disclosure of which is herein incorporated by reference. 
[0090] Rack 302 is provided for holding a multitude of containers or tubes of blood samples, and preferably these 
blood sample containers have the general shape of conventional test tubes, as shown at 376. More specifically, bottom 
plate 312 has a generally flat annular or ring shape, and rack body 314 is supported by and extends upward from 
bottom plate 312. Each of the segments 316 of rack body 314 has an arcuate shape, including generally planar top 
and bottom surfaces and generally vertical arcuate outside and inside surfaces. The segments 316, when placed on 
plate 31 2, form a generally continuous ring circumferentially extending around the outer portion or perimeter of the plate. 
[0091] Preferably, each of the segments 316 of rack body 314 is releasably mounted on plate 312, and each rack 
segment can be removed from and placed in rack 302 independent of the other rack segments. To help hold the rack 
segments 316 in place in rack 302, preferably the bottom surface of each segment 316 forms one or more recesses 
on sockets, for example as shown at 316a, that are mounted on mating protrusions, for example as shown at 312a, 
that extend upward from plate 312. 

[0092] In addition, each ring segment 316 has a substantially solid shape and forms a multitude of openings that 
form receptacles 320. Each opening 320 has a generally cylindrical shape, axially extending completely through the 
ring segment, to bottom plate 31 2. The openings 320 are arranged in two concentric circles, an inner circle 320a and 
an outer circle 320b. The openings in each circle are uniformly spaced around that circle; and the openings are posi- 
tioned so that, in the circumferential direction, the openings in the inner circle 320a are disposed between the openings 
320b in the outer circle. Short or long radial passages 314a extend radially outward from each opening 320, to the 
outer surfaces of the base segments, allowing or facilitating visual observation of fluids in the containers held in those 
openings 320. Spring clips 378 may be secured in openings 320 to help hold containers 376 securely therein. 
[0093] Rack 304 is provided for holding a multitude of containers or vials of reagents, and preferably these containers 
have the shape of small jars. More specifically, bottom plate 322 is mounted on and extends outward from drive means 
306, specifically support collar 340. Plate 322 has a generally flat, annular or ring shape; however, the outer portion 
of the top surface of bottom plate 322 tapers outwardly downwardly. Body 324 is mounted on and extends upward 
from plate 322, and body 324 forms a bottom central recess that is shaped and positioned to receive collar 342. Body 
324 also forms first and second sets of openings 324a and 324b that form the receptacles 326. Openings 324a are 
relatively shallow and extend inward from the top surface of body 324, and openings 324b are deeper and preferably 
extend completely through body 324, to bottom plate 312. 

[0094] Openings 324a and 324b are arranged on first and second concentric circles, respectively, with the former 
circle radially located inside the latter circle. The openings in each circle are uniformly spaced around that circle, and 
each opening 324a is radially aligned with a respective one of the openings 324b. Short radial passages 324c extend 
radially from openings 324b to the outside surface of body 324, allowing or facilitating visual observation of the fluids 
in the containers held in those openings. Further, spring clips 378 may also be secured in openings 324b to help secure 
containers therein. 

[0095] Preferably, the reagent and sample containers held in station 300 have bar codes to identify the container to 
provide other data that may be desired. Bar code reader 310 is located adjacent to the sample and reagent racks 302 
and 304 to read the bar codes on the reagent and sample containers. An annular plate 380 having a continuous bar 
code may be mounted on rack 302, radially inward of the inner circle 320a of openings, and this bar code may be used 
to identify rack 302. In addition, preferably this bar code is read by -reader 310 whenever one of the openings 320 that 
is empty is moved past the reader, and thus this bar code may be used to indicate that a particular opening 320 does 
not have a container. 

[0096] As particularly shown in Figure 13, body 324 of reagent rack 304 defines an axis 304a that is tilted relative 
to the axis of support shaft 330 and drive shaft 332; and, as viewed in Figure 1 3, the left end of reagent holder 304 is 
higher than the right end thereof. As reagent holder 304 rotates, that holder rotates about tilt axis 304a; however, the 
relative position of the left and right ends of the reagent holder, as viewed in Figure 13, remain the same. Hence, as 
the reagent holder is rotated, openings 324a and 324b s and any containers held therein, move downward and upward, 
between the positions of the two openings 324a and the two openings 324b shown in Figure 13, as well as around 
axis 304a. 
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[0097] Drive means 306 is provided to rotate holders 302 and 304 : and preferably this drive means also supports 
both of these holders. More specifically, support shaft 330 is secured to and extends upward from instrument panel 
106, and drive shaft 332 is rotatably mounted on support shaft 330, coaxial therewith. Pulley 334 is mounted on and 
connected to drive shaft 332 for unitary rotation therewith about support shaft 330. Also, pulley 336 is rotatably mounted 

5 on drive shaft 332 for relative rotation about the drive shaft, and pulley is connected to rack 304, specifically bottom 
plate 324 thereof, to rotate rack about the axis of support shaft 330. Support collar 340 is mounted around drive shaft 
332, and collar 340 is connected to rack 302, specifically bottom plate 312 thereof, for rotation therewith. Drive collar 
342 is mounted on support collar 340 for rotation, independent of collar 340; and drive collar 342 is connected to drive 
shaft 332, via universal joint 382, so that rotation of the drive shaft rotates collar 342. Drive collar 342 is also connected 

io to bottom plate 322 of rack 304 to rotate that rack with the drive shaft 332. Because drive collar 342 is rotatably mounted 
on support collar 340, rack 304 can rotate around axis 304a even while collars 340 and 302 are stationary. 
[0098] Motor 344 and transmission means 346 are provided to rotate drive shaft 332 and, thereby, to rotate rack 
304. More specifically, motor 344 is securely connected to instrument panel 106, and includes a rotatable motor shaft 
344a. Pulley 350 is mounted on shaft 344a for rotation therewith, and belt 352 is drivingly mounted on pulleys 334 and 

15 350 such that rotation of pulley 350 causes this belt to move between and around pulleys 334 and 350. This causes 
belt 352 to rotates pulley 334, this rotates drive shaft 332, and this causes drive collar 342 and reagent rack 304 to 
rotate about tilt axis 304a. 

[0099] Similarly, motor 384 and transmission means 386 are provided to rotate pulley 336 and sample rack 302. 
More specifically, motor 384 is securely connected to instrument panel 1 06 and includes a rotatable motor shaft 384a, 
20 and pulley 388 is mounted on motor shaft 384a for rotation therewith. Belt 390 is drivingly mounted on pulleys 388 and 
336 such that rotation of pulley 388 causes the belt to move around and between pulleys 388 and 336, and the belt 
rotates pulley 338; and rotation of pulley 336, in turn, rotates rack 302. 

[0100] Thus, by selectively actuating motors 344 and 388, both racks 302 and 304 may be rotated simultaneously, 
or either one of the racks may be rotated independent of the other one of the racks. 

25 [0101] As discussed previously, in the operation of fluid station 300, a pipette or similar instrument is lowered into 
the sample containers held in sample rack 302, fluids are drawn into the pipette and then the pipette is withdrawn 
upward from the sample container and used to carry the fluids to another location. The tops of the sample containers 
are often covered with a protective cap or rubber stopper; and as the pipette is lowered into a container, the pipette 
pierces through the stopper on the container top. Under these circumstances, when the pipette is withdrawn from the 

30 container, the pipette may fictionally engage the container stopper and tend to pull the whole container upward and 
out of the receptacle in which the container is held. Hold down assembly 308 is provided to insure that the pipette does 
not pull the containers out of the rack 302 as the pipette itself is pulled out of the container. 

[0102] With particular reference to Figures 14-16, support subassembly 354 of assembly 308 is secured to panel 
106 of instrument 100 and arm 356 is connected to that support subassembly 354 and extends therefrom and over 
35 sample rack 302; and with the embodiment of assembly 308 shown in the drawings, arm 356 extends over both circles 
320a and 320b of openings 320. Arm 356 forms two through openings 356a and 356b located directly above circles 
320a and 320b respectively, and openings 356a and 356b are sized so that they are smaller than the tops of the 
containers held in openings 320a and 320b respectively. 

[01 03] In the operation of station 300, rack 302 is moved so that a selected sample container is moved into a position, 
40 referred to as the aspirate position, directly below one of the openings 356a or 356b of arm 356, and then a pipette is 
lowered through that one opening in arm 356 and into that selected container. Fluid is drawn into the pipette, and then 
the pipette is drawn upward, out of the container. If the container is pulled upward with the pipette, arm 356 limits 
upward movement of the container and prevents the container from being pulled out of the opening 320. If the container 
strikes arm 356, that arm prevents further upward movement of the container, while the pipette can continue to move 
45 upward, out of the container, through the arm opening. Once the pipette is completely withdrawn from the container, 
the container then drops back into its receptacle in the sample rack 302. 

[0104] Preferably, the height of arm 356 is adjustable, allowing hold down assembly 308 to be used with sample 
containers of different heights. More specifically, with the preferred embodiment of assembly 308, support subassembly 
354 includes frame 362 and a vertical shaft 364, which is supported by that frame. Mounting bracket or collar 360 is 

50 slidably mounted on shaft 364, and arm 356 is connected to that bracket for sliding movement therewith along shaft 
364. A screw 360a extends through mounting bracket 360 and engages shaft 364 to releasably hold the mounting 
bracket in place on the shaft. To ac'iust the height of arm 356, screw 360a is threaded away from shaft 364, allowing 
bracket 360 to slide therealong. Bracket 360 is slid along shaft 364 to move arm 356 to a new height; and when arm 
356 reaches the desired position, screw 360a is threaded into secure engagement with shaft 364, securing bracket 

55 360 and arm 356 in that new position. 

[0105] In addition to the foregoing, assembly 308 preferably includes means to pivot arm 356 toward and away from 
sample rack 302, and this pivot means includes motor 366, pulleys 370 and 372, and belt 374. More particularly, shaft 
364 extends downward through a central opening 362a in frame 362, and the shaft is rotatably supported by the frame, 



8 



BNSDOCID: <EP 0895088A2J_> 



EP 0 895 088 A2 



and pulley 370 is mounted on a lower portion of the shaft for rotation therewith. Motor 366 is mounted on instrument 
panel 106 and includes a rotatable motor shaft 366a, and pulley 372 is mounted on shaft 366a for rotation therewith. 
Belt 374 is drivingly mounted on and extends around pulleys 370 and 372 such that rotation of pulley 372 causes the 
belt to move between and around the two pulleys 370 and 372. The belt 374 rotates pulley 370 around the axis of shaft 
364, and this rotates both shaft 364 and arm 356. 

[0106] With the embodiment of assembly 308 shown in the drawings, arm 356 has a Z-shape, including upper and 
lower, generally horizontal portions, and a middle vertical portion connected to and extending between those upper 
and lower portions. Also, frame 362 has a C-shape, including upper and lower horizontal portions and an intermediate 
portion extending between those upper and lower portions. Preferably, the upper end of shaft 364 extends into and is 
rotatably guided in an upper opening 362b formed in the upper horizontal portion of frame 362. Supporting the upper 
end of shaft 364 in this way helps to maintain the desired axial orientation of the shaft during operation of assembly 308. 
[0107] Pipette assembly is illustrated in Figures 17-19; and generally, this assembly includes pipette 402 and robot 
arm 404. Arm 404 is supported for horizontal sliding movement along a support means, including bar 414; and the 
pipette 402 is supported both for horizontal sliding movement along, and vertical sliding movement relative to, arm 
404. Suitable motors (not shown) are provided to move the robot arm and the pipette in the x-, y-, and z-directions. 
With particular reference to Figure 19, pipette 402 is a long, thin, hollow tube, and the pipette has a generally uniform, 
circular cross-section; however, the bottom or lower portion of the pipette tapers or narrows radially inwardly slightly. 
[0108] Preferably, a flexible hose (not shown) is mounted on the top end of the pipette 402 and used to connect the 
pipette to a suitable control, such as diluters 416a and 416b (shown in Figure 4), which is used to aspirate fluids into 
and to dispense fluids from the pipette. Any suitable hose and controller may be used with pipette 402. Also, pipette 
402 is preferably made of aluminum, and the capacitance of the pipette is monitored or measured; and this measure- 
ment is used, as discussed below, to indicate when the pipette contacts a liquid in either the reagent vials or blood 
sample vials. 

[01 09] Pipette assembly 400 also includes shallow and deep wash areas 406 and 41 0 and a pair of cell dilution racks 
412, shown in Figure 1 . Wash areas 406 and 410 are wells or containers mounted on or recessed in instrument panel 
106, and these wells or containers contain liquids for rinsing or cleaning pipette 402. The pipette is cleaned or rinsed 
by lowering the pipette into the wash areas, and area 406 has a height or depth sufficient to allow the top of the pipette 
to be immersed in the liquid in that area, while area 410 has a height or depth sufficient to allow the lower portion of 
the pipette to be immersed in the liquid in this area. Cell dilution racks 412 are conventional racks forming a multitude 
of small wells or cells. In use, fluids are dispensed into these wells to dilute selected liquids or to produce selected 
solution mixtures. 

[0110] With reference to Figures 20-22, centrifuge 500, generally, comprises rotor 502, motor 504, and a multitude 
of cassette mounting brackets 506; and preferably, centrifuge 500 further includes housing 510, support subassembly 
5 1 2 and level detection s ubassembly 5 1 4. Rotor includes rotatable body 5 1 6 and a mu Ititude of arms 520, and centrifuge 
housing 510 includes bottom section 522 and cover 524. More specifically, support subassembly 512 includes a gen- 
erally horizontal lower plate portion 526 and upwardly extending first and second circular flanges 526a and 526b. 
Support subassembly 512 is securely connected to instrument panel 106, and one or more connecting or mounting 
members 530 may be disposed between panel 106 and support subassembly 512 to facilitate connecting the support 
subassembly thereto or to allow limited flexing or other movement of subassembly 51 2, and the centrifuge 500, relative 
to panel 106. 

[0111] First circular flange 526a forms a central opening, and motor 504 is positioned therein and secured to lower 
plate portion 526. Motor 504 extends upward from support subassembly 51 2, with rotatable motor shaft 504a extending 
substantially vertically. 

[01 1 2] Rotor 502, specifically body 516 thereof, is mounted on motor shaft 504a for rotation therewith. As particularly 
shown in Figure 20, rotor body 516 includes upper horizontal wall portion 516a and cylindrical vertical side wall portion, 
516b connected to and extending downward from the upper wall portion 516a, and motor 504 is substantially enclosed 
within the rotor body. Rotor arms 520 are connected to rotor body 516 for rotation therewith about motor shaft 504a, 
and arms 520 extend radially outward from the rotor body. Arms 520 are uniformly spaced around rotor 502 and the 
outer or distal end of each arm forms two through openings 520a and 520b. In addition, arms 520 are generally fiat 
and are positioned in a common plane, substantially perpendicular to motor shaft 502a. . • 

[011 3] Level detection subassembly 514 is provided to help insure that centrifuge 500 remains level as the centrifuge 
rotates. Numerous level detection sensors or devices are well known in the art and may be employed in centrifuge 
500. In addition, a position controller or detector 534 may be provided to control or detect the angular rotation or position 
of motor shaft 504a and, thus, the angular rotation or position of rotor 506. Any suitable position controller or detector 
may be used in the centrifuge. 

[0114] With particular reference to Figures 23-26, cassette mounting brackets 506 are mounted on rotor arms 520 
and form cassette receiving means to hold cassettes 1 20 on rotor 502 for rotary movement therewith about motor shaft 
502a and also for pivotal or swinging movement about the outward ends of arms 520. The mounting brackets 506 are 
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substantially Identical; and each bracket includes left side member 542, right side member 544, mounting means 546, 
and connecting means 550. 

[0115] Each mounting bracket 506 is mounted on and laterally straddles a respective one of the rotor arms 520; and 
each pair of adjacent brackets, form a respective one receiving slot 552 having a shape matching the shape of the 
5 upper portion of a cassette 1 20. In use, as particularly shown in Figure 25, a cassette 120 is positioned in this receiving 
slot 552, with the upper portion of the cassette nested between the brackets 506. 

[0116] Mounting means 546 is provided to pivotally mount brackets 506 on arms 520, and preferably the mounting 
means includes rod 554, retaining member 556, and pin 560. Rod 554 is positioned on the arm 520 and extends to 
both lateral sides thereof; and the left and right side members 542 and 544 of bracket 506 are mounted on rod 554, 

10 specifically the left and right ends thereof respectively, for pivotal movement about the axis of the rod. Retaining member 
556 is releasably connected to rotor arm 520 and extends over mounting rod 554 to hold the mounting rod on the rotor 
arm. Also, pin 560 is connected to and extends radially upward from rotor arm 520, radially inward of mounting rod 
554 so that the mounting rod is radially captured between pin 560 and retaining member 556. 
[0117] Connecting means 550 connects the left and right side members 542 and 544 of each bracket 506 for pivotal 

is movement together about mounting rod 554. Any suitable connecting means 550 may be used in bracket 506; and for 
example, the connecting means may comprise a lower leg integrally connected to both side members 542 and 544. 
In the operation of centrifuge 500, cassettes 120 are placed in the receiving slots 552 defined by brackets 506. The 
centrifuge rotates these cassettes about shaft 504a; and as a result, the cassettes pivot outward about the mounting 
rods 554. When the centrifuge stops rotating, the cassette tend to pivot back downward about mounting rods 554. 

20 [0118] As mentioned above, preferably centrifuge 500 rotates the cassette first at a slower speed, for example at 
55g, and then at a higher speed, such as 199g. The low speed phase at 55g pushes the cells to the surface of the 
beads and induces the cells to come into contact. This has two benefits: it accelerates the reaction, and maximizes 
the cell to cell contact to achieve optimal reactivity and agglutination, if it occurs at all. The higher speed, at 199 g, 
pushes the cells through the bead column and causes segregation of agglutinated from non-agglutinated cells. 

25 [0119] With prior art centrifuges, occasionally a cassette will not pivot completely downward, and this may cause 
difficulties in removing the cassette from the centrifuge. This difficulty is prevented in centrifuge 500 because the brack- 
ets 506, specifically connecting means 550, interconnect the cassettes 120 so that, after centrifuging, the cassettes 
pull each other back down into the desired position, insuring that all of the cassettes pivot downward into that position. 
[0120] With particular reference to Figure 27, cover 524 of centrifuge 500 forms an access opening 564 to allow 

30 cassettes 1 20 to be placed in and removed from the centrifuge, and slide 566 is mounted on the cover to selectively 
open and close that opening 564. More specifically, slide 566 is mounted on cover 524 for pivotal sliding movement 
over the top surface of the cover and about a center pin 570, which is centrally located on the top surface of the cover. 
Slide 566 may be moved between a closed position, shown in Figure 28, in which the slide covers opening 564, and 
an open position in which the slide is positioned to the left or to the right of opening 564 and does not extend over that 

35 opening. One or more small projections 572 are connected to and extend upward from slide 566 to facilitate moving 
the slide; and, for example, gripper 704 of transport assembly 700 may be used to pivot the slide to selectively open 
and close the centrifuge access opening 564. 

[0121] Figures 28 and 29 illustrate analysis station, or automated optical reading station, 600 in greater detail. With 
the preferred embodiment of station 600, holding means 602 includes base 630 and frame 632; and illumination means 

40 604 includes a pair of fluorescence lights 634a and 634b, neutral density filter 636, and diff user 638. Imaging subsystem 
606 includes pixel array 642, housing 644, and lens assembly 646; and this lens assembly, in turn, includes lens 650, 
filter 652, and lens housing 654. Also, the preferred processing subsystem 610 includes preprocessor 656, which is 
connected to control means 800, specifically processor 804 thereof; and the preferred transport subassembly shown 
in Figure 28 includes support means 660 and mover 662. 

45 [0122] Analysis station 600 is described in detail in copending application No. , for "Method and 

System for Classifying Agglutination Reactions, " filed herewith, the disclosure of which is herein incorporated by ref- 
erence. 

[0123] Generally, though, holding means 602 is provided to hold a cassette 1 20 for analysis, and illumination means 
604 is provided to produce an illuminated image of one or more columns of the cassette on imaging subsystem 606. 

50 Subsystem 606 generates a set of signals representing the illuminated image formed thereon and then transmits those 
signals to preprocessor 656. The preprocessor converts those signals to digital data values and then transmits those 
data values to processor 804 to analyze the image produced on subsystem 606. In particular, as discussed subse- 
quently in more detail, processor 804 processes the data values according to a predetermined program to determine 
whether an agglutination pattern is present in the test sample being analyzed and, if so, to classify that pattern in one 

55 of a plurality of predefined classes. 

[01 24] With particular reference to Figure 28, frame 632 of holding means 602 forms an elongated channel 632a for 
holding a cassette 120; and preferably, the longitudinal ends of channel 632a are open to facilitate or to allow sliding 
movement of cassette 120 into, through, and then from channel 632a. Also, frame 632 is preferably rotatably mounted 



10 



BNSDOCID: <EP 0895088 A2_ 



EP 0 895 088 A2 



on base 630 for pivotal or rotary movement about a central vertical axis, and a motor is connected to frame 632 to 
pivot or rotate the frame about that axis. 

[0125] Illumination means 604 directs light through the cassette 120 held in frame 632 and onto pixel array 642, 
which then generates a series of signals representing the cassette. Pixel array 642 is disposed inside a camera housing 
5 644, and the pixel array is preferably comprised of a multitude of light sensors each of which is capable of generating 
a respective one electric current having a magnitude proportional to or representing the intensity of light incident on 
that sensor. 

[0126] Lens 650 and filter 652 are located forward of pixel array 642 and are coaxially aligned with each other and 
with the pixel array, and lens 650 is positioned so that the pixel array is at the back focal plane of this lens. Preferably 
10 lens 650 and filter 652 are mounted inside housing 654, which in turn is mounted on the front end of camera 644. The 
distance between the camera and the cassette 120 held in frame 632 is adjusted so that each image on the pixel array 
contains two columns 122 of the cassette. 

[0127] Figure 30 is a block diagram illustrating the relationship between preprocessor 656 and main processor 804 
in greater detail. The electric signals from the pixel array in camera 644 are conducted to preprocessor 656, which 

is may be, for example, an image processing board made by Euresys S.A., of Belgium. This image processor then con- 
verts the electric signal from each pixel of array 642 into a respective one digital data value and stores that data value 
at a memory location having an address associated with the address of the pixel that generated the electric signal. 
[0128] The data values stored in image processor 656 are available to main processor 804, which is connected to 
the image processor to obtain data values from and to transmit data values to that image processor. As explained in 

20 greater detail in copending application No. , for "Method and System for Classifying Agglutination 

Reactions," processor 804 is programmed to process and to analyze the data values stored in the image processor to 
identify the agglutination pattern, if any, in the test sample being analyzed. 

[0129] With reference again to Figure 28, storage means 614 is located adjacent holding means 602 and is provided 
for holding a multitude of cassettes 1 20, and preferably indexing means such as a stepper motor is provided for moving 

25 the storage means through a series of positions to align each of the cassettes held therein with the holding means 
602. With the preferred embodiment of station 600 shown in Figure 28, storage means 614 comprises a rotatable 
carousel including a rotatable base and a multitude of compartments. Each compartment forms a channel or slot 61 4a, 
and each of these slots extends along a radius of the carousel. Further, the indexing means may comprise a stepper 
motor, and each time the motor is actuated, the motor moves the carousel so as to align one of the slots 614a with 

30 channel 632a of frame 632. 

[01 30] Waste receptacle 620 is provided for receiving the cassettes from holding means 602 after the desired imaging 
has been completed. For example, the waste receptacle may be a container located below and adjacent the output 
end of channel 632a of frame 632, and positioned so that the cassettes that are slid out from channel 632a fall into 
receptacle 614 under the force of gravity. 

35 [01 31] Transport subsystem 61 2 of station 600 is provided to move test samples, particularly cassettes 80, into and 
then from holding means 602, specifically frame channel 632a. More particularly support means 660 supports mover 
662 for sliding movement between carousel 614 and waste receptacle 620 and over frame 632. In use, mover 662 is 
positioned over the carousel, and as the carousel rotates to align a cassette with frame slot 632a, that cassette is 
moved into engagement with the mover. The mover then slides the cassette from carousel 614, into frame 632 and 

40 into a position directly forward of pixel array 642. After the desired imaging of the test sample is completed, the mover 
662 is operated to slide the test sample through the output end of channel 632a and into waste receptacle 620. Alter- 
natively, depending on the results of the analysis of the test sample, that test sample may be moved back into the 
carousel 614, or to another location where the test sample may be stored, for example, for further tests or for analysis 
by an operator. 

45 [01 32] Transport assembly 700 is preferably provided to move cassettes 1 20 around system 1 00. More particularly, 
gripper 704 is moved and operated to carry cassettes 1 20 from drawer assembly 900 to the incubator station 200; and 
after the cassette tops have been pierced open and the desired solutions have been dispensed into the desired columns 
1 22 of the cassettes, gripper 704 moves the cassettes to the centrifuge 500. After the cassettes have been centrif uged, 
gripper then carries the cassettes to analysis station 600. In addition, preferably, transport assembly 700 may be op- 

50 erated to carry selected cassettes to holding area 950. This may be done, for instance, when it is determined that a 
particular cassette requires the personal attention of an operator. For example, depending on the results of the analysis 
of the cassette in station 600, the gripper 704 may pick a cassette up at the analysis station, and move the cassette 
to holding area 950, where the cassette may be stored for further tests or for analysis by an operator. 
[0133] With particular reference to Figures 31 and 32, robot arm 702 preferably includes horizontal support bar 706 

55 and vertical support rod 710. Bar 706 is supported for horizontal sliding movement along a support means including 
bar 712; and rod 710 is supported both for horizontal sliding movement along, and vertical sliding movement relative 
to, bar 706. Gripper 704 is connected to the lower end of robot arm, specifically rod 710, for movement therewith, and 
the gripper includes two opposing fingers 714 supported for sliding or pivoting movement toward and away from each 
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other. These fingers 714 are moved toward each other to grip a cassette 120, and then moved away from each ether 
to release a cassette from the gripper 704. 

[0134] Suitable motors (not shown) are provided to move the robot arm in the x-, y-, and z- direction and to move 
the fingers 71 4 of the gripper 704. The robot arm and gripper may be operated in response to electric signals received 
from sensors or timers or both, to move the cassette in the desired manner. Preferably, the robot arm and gripper are 
controlled by a programmed, or programmable, processor 804 that operates transport assembly 700 in a predetermined 
manner and according to a multitude of variable factors. 

[0135] Transport assembly 700 is described in greater detail in copending application No. , for 

"Transport System for Fluid Analysis Instrument," filed herewith, the disclosure of which is herein incorporated by 
reference. 

[0136] With reference to Figures 2 and 33-39, the preferred embodiment of storage drawer assembly 900 includes 
drawer 902, slide tray 904, motor means 906, and sensor bar 910. Drawer 902 is supported in system 1 00 for movement 
between open and closed positions; and in particular, drawer 902 is located below instrument panel 106 and is sup- 
ported for lateral sliding movement between the above-mentioned open and closed positions. Drawer 902 has a gen- 
erally flat, rectangular bottom panel 912 and four side wall panels 914 that extend upward from the four side edges of 
the bottom panel and form an interior of the drawer. In its closed position, drawer 902 is located directly below instrument 
panel 106, and that panel substantially closes the top of the drawer interior. To move drawer 902 to its open position, 
the drawer is slid out from directly underneath panel 106, to a position in which the drawer is to the side of the panel 
and the interior of the drawer is open, providing access thereinto. 

[0137] Drawer 902 may be supported in any suitable way for movement between the open and closed positions. 
Preferably a latch or similar means is provided to hold and lock the drawer selectively in the closed position, and the 
latch may be spring biased to a closed position. Preferably, the latch is moved between open and closed positions by 
means of an electric solenoid, which in turn is preferably controlled by processor 804. A manual release is preferably 
also available and may be used to open drawer 902 in the event of a loss of power to the processor. Also, drawer 902 
itself may be spring biased toward its open position so that when the drawer latch is unlocked, the drawer automatically 
slides out of its closed position and toward its open position. 

[0138] Slide tray 904 is positioned inside drawer 902 and is provided for holding a multitude of cassettes 120, and 
the tray is supported by the drawer for movement therein across at least a portion of the drawer. With particu lar reference 
to Figures 36 and 37, tray 904 also has a generally flat, rectangular bottom panel 916 and four side panels 920 con- 
nected to and extending upward from the four side edges of the bottom panel, forming an interior of the tray. Tray 904 
also includes a multitude of longitudinal dividers 922 that separate the tray into a multitude of channels or sections 
924. Preferably, these dividers extend along the length of the tray, are parallel to each other and are uniformly spaced 
apart. 

[0139] In use, a multitude of cassettes 120 are positioned in each tray channel 924, with the front and back faces of 
each cassette extending laterally across the tray channel; and preferably, all of the cassettes have the same orientation 
in tray 904 -that is, all of the cassettes face the same direction. Cassettes 120 of the type shown in Figures 5-7, are 
commonly sold in small cartons having a given number of cassettes, such as 20, and tray 904 is preferably designed 
so that two such cartons may be placed in each of the tray channels 904. These cartons typically have small recesses 
or sockets in the bottoms of the cartons to identify the back ends of the cartons; and small projections 926, adapted 
to fit into these sockets, extend upward from the bottom panel 916 of the tray. In use, the cassette cartons are placed 
in tray 904 with the bottom sockets of the cartons mounted directly onto the bottom projections 926 of tray 904, and 
this helps to insure that the cassettes are properly positioned and oriented in the tray. 

[0140] In the preferred system 100, top instrument panel 106 forms a cassette access opening 108, shown in Figure 
1, directly above drawer 902; and, in the operation of system 100, gripper 704 of transport assembly 700 obtains 
cassettes 120 from drawer 902 by reaching into the drawer, through that access opening 108. To allow access to all 
of the cassettes in drawer 902, motor means 906 is connected to tray 904 to move that tray so that all of the cassettes 
therein may be moved directly beneath access opening 108. Preferably, motor means 906 is a stepper motor and is 
operated to move tray 904 stepwise longitudinally across drawer 902 to position each cassette 120 in each channel 
924 of the tray directly beneath access opening 108. 

[0141] Motor means 906 may be of any suitable type and connected to slide tray 904 in any suitable manner, and 
for example, the tray may be moved by a rack and pinion type drive. The motor and drive gear for the rack may be 
attached to a sliding mount that is spring loaded to keep pressure against the rack, and this spring also pushes drawer 
902 open when the drawer latch is released. When the drawer opens, it slides out on two ball slides to allow the loading 
of cassettes. Also, preferably, when drawer 902 is opened and the drawer and tray are pulled away from the closed 
position of the drawer, the drive means for the tray becomes disengaged from the tray, and the tray is not moved by 
that drive means. 

[0142] Sensor means 910 is provided to count the number of cassettes 120 in slide tray 904; and preferably, as 
shown in Figure 39, the sensor means includes a sensor bar having a multitude of individual sensors 930. Bar 910 is 
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mounted in instrument 1 00 so that the bar laterally extending over drawer 902, with a respective one sensor 930 located 
directly above each tray channel 924. With this embodiment of drawer assembly 900, motor means 906 may also be 
operated to move the cassettes 1 20 in tray 904 past sensor bar 91 0. Each time one of the cassettes 1 20 moves beneath 
one of the sensors 930, that sensor generates a respective one signal; and these signals allow a sensor control module 
s to generate a list indicating all the occupied positions in the cassette drawer, and which list can then be sent to the 
STU processor 804. Preferably, sensor bar 910 is mounted on the under surface of instrument panel 106, immediately 
adjacent to access opening 108. In addition, preferably the sensors 930 are foil sensors that detect the top foil strip 
1 24 on each of the cassettes 1 20. 

[0143] Signal means, such as light emitting diodes, may be used to indicate the status of various matters. For ex- 
10 ample, one signal may be used to indicate that drawer assembly 900 is in order and functioning as it should, another 
signal may be used to indicate that drawer 902 is open, and still another signal may be used to indicate that motor 
means 906 is not operating properly or that slide tray 904 is not properly moving across the drawer. Also, a sensor 
may be provided to sense when drawer 902 is in the closed position, and this sensor may generate and transmit to 
processor 804 a signal each time the drawer is moved into its closed position. 
75 [0144] Control means 800, generally, controls and operates the stations and assemblies of instrument 100 in order 
to move cassettes 120 through the instrument in the desired manner and to perform the requested tests on those 
cassettes. Control means 800 is also used to process the data generated by analysis station 600 to determine if any 
reaction occurred in the cassettes being analyzed. More specifically, with reference to Figures 4 and 40, process 
controller 804, which includes a processing unit, transmits command signals to Central Control Unit 802 to operate the 
20 stations and assemblies of instrument 100, and the Central Control Unit converts these command signals to control 
signals that are transmitted to the individual motors in instrument 1 00 to operate those motors. Operator input to process 
controller 804 is available via a second unit, referred to as an external processor, which preferably is a personal com- 
puter, including a processor unit, a keyboard 806, and a monitor 810. 

[0145] Figures 41 and 42 show a main work flow diagram for instrument 100. After power is provided to the PCU 
25 and the STU, the PCU, at step 1002, sends a system initialization message to the STU; and in response, the STU 
performs several initialization steps 1004. In particular, the pipette is moved to a home position over the shallow wash 
area and then washed in that area, and the gripper of the transport assembly is moved to a home position over the 
centrifuge. The cassette drawer is initialized, and in particular, the number of cassettes in the drawer is counted. The 
sample, reagent, and autoreader rotors are rotated to respective home positions, and the frame 632 and holding means 
30 602 of station 600 are initialized. The centrifuge is moved to a home position; and the gripper descends in the z-direction 
and, using a foil sensor located in the bottom of the gripper, checks every cassette position in the centrifuge for a 
cassette. 

[0146] To allow the gripper to do this, the centrifuge motor rotates the centrifuge stepwise to position each cassette 
receiving position, one at a time, below the gripper; and in particular, to position each cassette receiving position, one 
35 at a time, below the gripper access opening in the centrifuge cover. In addition, the incubator rotor rotates the incubator 
rack 202, and the incubator is checked for any residual cassettes. This also may be done by using a foil sensor located 
in the bottom of gripper 704. Also, after the gripper has completed checking the centrifuge for residual cassettes, the 
gripper then moves to the holding area 950, referred to as the unreadable cassette area, and checks that area for any 
residual cassettes. If any cassettes are found, the cassettes are carried by the gripper to and through the autoreader 
module and deposited in the waste receptacle. 

[01 47] After these initialization steps are completed, the STU, at step 1 006, transmits a signal to the PCU confirming 
completion of this initialization procedure. The PCU, after sending the system initialization signal to the STU, waits, at 
step 1008, for receipt of the initialization complete signal from the STU; and in the meantime, the PCU preferably does 
not allow the user further access to the PCU. 

45 [0148] After receipt of the initialization complete signal, the PCU then sends a message to the STU at step 1010 to 
check various items, and in particular, to determine the state of its cassette inventory, to identify samples residing in 
the instrument, and to determine if any microtiter plates are present. In response to receipt of this message from the 
PCU, the STU, at step 1012, initiates a procedure referred to as the continue operation procedure. 
[01 49] The continuation operation procedure, generally, prepares various items on the instrument for operation. With. 

50 reference to Figures 43 and 44, the continuation procedure, at step 1102, locks the instrument cover; and then the: 
reagent rotor, at step 1104, rotates the reagent rack to a position where the bar code on the rack is accessible to the 
bar code scanner 310. That scanner then reads the bar code on the rack to identify the rack and the physical charac- 
teristics of the rack. 

[0150] At step 1106, the pipette is washed in the shallow wash station; and at step 1110, the reagent rack rotor rotates 
55 that rack so that bar code scanner 31 0 reads the bar code of each reagent bottle to verify the reagent type and expiration 
date of each bottle. Then, at step 1112, the reagent rack is moved so that a given reagent bottle is in the aspirate 
position; and at step 1114, the pipette is moved over that reagent bottle, and the pipette is lowered, in the z-direction, 
into the reagent vial until the pipette contacts liquid. As mentioned above, the capacitance of the pipette is monitored, 
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and this capacitance changes when that pipette henomes wet; and thus, the presence of liquid in the reagent via! is 
indicated by a change in the capacitance of the pipette. After it is determined that the reagent vial contains liquid, the 
pipette is removed from the vial and returned to the shallow wash station for cleaning. Steps 1112 and 1114 may be 
repeated, each time with a different reagent vial in the aspirate position, to check as many reagent vials as desired for 
5 liquid. Measuring the liquid height allows calculating the amount of reagent available, to provide resource management 
capabilities. 

[0151] After steps 1112 and 1114 are completed, then at step 1116, the sample rack is rotated by the sample rack 
rotor so that the bar code on the sample rack is moved into a scanning position. The bar code reader 310 then reads 
that bar code to identify the physical characteristics of the sample rack. Then, at step 1120, the sample rack is rotated 

10 to move the sample tubes therein in sequence into the bar code scanning position, and the bar code 310 on each 
sample tube is read by the scanner. Steps 1116 and 1120 are repeated for each sample rack in the station 300. 
[0152] At step 11 22, the pipette is moved over and then lowered into the first well of the first cell dilution rack to check 
for the presence of liquid in that well, and this also is done by monitoring the capacitance of the lower portion of the 
pipette. The presence of liquid indicates that the cell dilution rack was previously used, and the absence of liquid 

i s indicates that the cell dilution rack is a new microtiter plate. Then, at step 11 24, the pipette is moved over and lowered 
into the first well of the second dilution rack to check for the presence of liquid in that well and, in this way, to determine 
if that dilution rack is new or used. 

[0153] After the cell dilution racks are checked, then at steps 1126 and 11 30, the pipette is moved to a park position 
over the shallow wash area, and the gripper 704 is moved to park position near the special cassette rack 950. At step 
20 1 1 32, the reagent rotor is actuated to rotate the reagent rack to keep the reagent cells in suspension. 

[0154] After these initialization activities are complete, then at step 1134, a confirmation signal indicating that the 
activities are completed is sent to the PCU from the STU. 

[0155] As represented by step 1014 of Figure 41, if cassettes are found in the cassette storage drawer during the 
Continuation Operation Procedure, then the gripper removes the first cassette in each tray in the storage drawer and 

25 moves that cassette to a position adjacent bar code reader 1 30, and the bar code on the cassette is read by the reader 
to verify that the cassette is of the type that belongs in that cassette tray. Also, as represented by step 1016, during 
this continuation operation procedure, error messages may be sent from the STU to the PCU to inform the PCU of any 
errors detected by the STU. After the PCU receives the confirmation signal that the above-discussed initialization 
activities are complete, then at step 1020, the PCU allows the user to logon to the system. 

30 [0156] During these initialization activities, certain items, such as the reagent rack, the dilution rack and cassettes, 
may intentionally not be on instrument 100 at this time. If this is the case, then as represented by step 1016, error 
messages from the STU to indicate the absence of these items may be expected. 

[0157] After the PCU receives the confirmation signal from the STU that the desired initialization activities are com- 
plete, the STU continues on with the main work procedure. Preferably, while the PCU is waiting for this conformation 

35 signal, the PCU does not allow the user further access to the PCU. Then, after the confirmation signal and the associated 
status information is transmitted to the PCU, at step 1022 the PCU permits the user to obtain further access to, or to 
log on, the PCU. At step 1024, the user then logs on the PCU, for example, by entering data via the keyboard, and 
preferably, in response, at step 1026, the PCU displays the term "Logon" on the keyboard terminal. 
[0158] To obtain further access to the PCU, the user is preferably required to enter an identification code and a 

40 password via the keyboard, as represented by step 1 030. If the password is accepted by the PCU, then at step 1032, 
the entire PCU menu bar is accessible to the user and the PCU is ready to begin operation of instrument 100. At this 
point in the procedure, the PCU proceeds on the basis that there are no cassettes in the cassette storage drawer, that 
both the reagent and sample racks are not in the instrument, and, of course, that there are no reagents and samples 
in the instrument. The PCU also proceeds on the basis that the cassette waste receptacle is not in the instrument. 

45 [0159] Instrument 100 may be used for a multitude of specific procedures. As an example, the operation of the 
instrument to determine the blood type of a blood sample, a process referred to as an abo/rh ? ABO/Rh procedure or 
test, will be described herein in detail. 

[0160] The general steps in this operation are outlined at 1034 in Figure 42. In a procedure referred to as cassette 
waste work procedure, the user opens the cassette waste area and places a new waste bag in the instrument; and in 

50 a procedure referred to as cassette storage work procedure, the user opens the cassette storage drawer and places 
the required cassettes therein. In a procedure referred to as instrument cover work procedure, the user opens the 
instrument cover and places in the instrument the required reagent rack, the required reagents, and two microtiter 
plates. In addition, in a procedure referred to as batch definition procedure, the user defines the abo/rh ? ABO/Rh 
batch test; and the required blood samples are placed in the sample rack, in a procedure referred to as sample access 

55 door. Then, after instrument 1 00 has completed the operation, the user reviews and accepts or modifies the test results 
returned from the instrument, in a procedure referred to as the reviewing results procedure. 

[0161] The cassette waste work procedure is outlined in Figure 45. To request this procedure, the user, at step 1202, 
requests the "instrument" menu item from the PCU menu bar, and in response at step 1204, the instrument menu is 
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displayed on the monitor This menu lists the following items: flush instrument, open access door, open cassette drawer, 
open cover, and open trash door The user, at step 1206, selects the open trash door item, and in response, at step 
1210, the PCU sends the message or messages to the instrument to open the trash door At step 1212, the instrument 
unlocks and opens that door and then sends to the PCU a message indicating that this has been done; and when the 

s PCU receives this message, the PCU, at step 1214, displays the message "open trash door" on the monitor. As rep- 
resented by step 1216, the user determines whether the instrument needs a new trash bag and, if appropriate, puts a 
new trash bag on the instrument, and the user, at step 1220, then enters a signal to the PCU that this has been done. 
[0162] After receiving this message, the PCU at step 1222 then transmits a message to the STU indicating that the 
STU can lock the trash can door and perform any related, desired initialization procedures. When the trash can door 

10 is locked, then at step 1224, the STU transmits a signal to the PCU to indicate that this has been done. Preferably, if 
the STU is not able to lock the trash can door, an error signal indicating this fact is sent by the STU to the PCU; and, 
in response, the PCU displays a message, or otherwise indicates to the user, that the trash can door is not shut and 
alerting the user to take corrective action. Once the PCU receives the confirmation signal from the STU that the trash 
can door is locked, the PCU, at step 1226, removes the dialogue from the display terminal, and again displays the 

is main PCU menu bar 

[0163] Figures 46-48 illustrate the cassette storage work procedure; and to request this procedure, the user, at step 
1302, also requests the "instrument" menu item from the PCU menu bar In response to this request, the PCU at step 
1304, displays the instrument menu on the monitor, and at step 1306, the user selects the "open cassette drawer" 
menu item. The PCU transmits a message to the STU at step 1 310, requesting the STU to unlock the cassette storage 

20 drawer; and at step 1 31 2, the STU then unlocks that drawer and sends a message to the PCU confirming that this has 
been done. Next, at step 1314, the PCU displays the dialogue "open cassette drawer" on the monitor, and preferably 
a logical representation of the drawer is included in this display. In this logical representation, each channel may be 
represented in the display; and the display may also indicate the type of cassette, the number of cassettes counted in 
each tray and the lot number of each cassette. The user, at step 1 316, then places a tray of abo/rh ? ABO/Rh cassettes 

25 -that is, a tray of cassettes designed for use in an abo/rh ? ABO/Rh test-- in a given channel, designated as channel N. 
[0164] The user then transmits a message to the PCU that abo/rh ? ABO/Rh cassettes have been placed in the 
cassette channel, and preferably this is done by means of the graphics on the PCU monitor For example, as repre- 
sented by steps 1 320 and 1 322, in the logical representation of the cassette drawer, the user may designate or identify, 
for example by means of a cursor, the tray channel in which the cassettes were placed. Then, the PCU may display 

30 on the monitor, a list of the various types of cassettes that may be used in the instrument, and the user identifies one 
of these types as being the type that was placed in the designated tray channel. If more cassette trays are to be placed 
in the cassette drawer, then steps 1316, 1320, and 1322 are repeated, once for. each cassette tray that is placed in 
the cassette drawer 

[0165] When the desired number of cassette trays has been placed in the cassette drawer, the user, at step 1324, 
35 transmits a message to the PCU that this has been accomplished, and preferably this also is done by means of a 
graphics interface on the PCU monitor. For instance, a series of words or terms, referred to as the "open cassette": 
dialogue box may be displayed on the monitor; and one of these terms, such as the phrase "ok" may be used to indicate 
that the trays have alt been placed in the cassette drawer. When the desired trays have been placed in the cassette 
drawer, the user may designate or identify that "ok" term by, for example, positioning or aligning a cursor with that term. 
[01 66] After the cassette tray has been placed in the cassette drawer, then at step 1 326 the PCU transmits a signal 
to the instrument to lock that drawer and to perform other initialization tasks for the drawer. As represented by steps 
1 330 and 1 332, the instrument then locks the drawer and counts the number of cassettes in each channel in the drawer. 
Next, at steps 1 334 and 1 336, the instrument positions the cassette tray of one of the channels so that the first cassette 
in that tray is at the gripper access position, and the transport assembly is operated to grip that first cassette and 
remove it from the tray. Then, at steps 1 340 and 1 342, the cassette is moved to the bar code scanning position, and: 
the reader reads the bar code on the cassette. The STU uses the information on the bar code to determine if the 
cassette is of the type that the user indicated was in that one channel: if the cassette is not of the correct type, the- 
STU transmits an error message at step 1344 to the PCU, which then transmits a signal to alert the user of this error. , 
[0167] Steps 1334, 1336, 1340, 1342, and 1344 are repeated for each tray of cassettes that was placed in the 
so cassette drawer After the instrument has completed the cassette drawer initialization tasks, the STU transmits a mes- 
sage to the PCU to indicate that this initialization is complete, as represented by step 1 346 in Figure 46. 
[0168] If any error messages were received by the PCU from the STU during the cassette drawer initialization pro- 
cedure, then, after receipt of the drawer initialization complete signal, the cassette storage work urogram returns to 
step 1 31 0. The PCU transmits a message to the STU requesting the STU to open the cassette drawer, and the program 
55 continues on from step 1 310. 

[0169] After steps 1310-1346 are completed without any error signals from the instrument, and the PCU receives 
the confirmation signal that the cassette drawer is locked, the PCU, at step 1350, removes the dialogue from the 
monitor, and displays the main PCU menu bar Then, at step 1 352, the PCU checks to determine if the instrument is 
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capable of performing a!! of the tests that the user has requested. In particular, as represented by step 1354, the PCU 
checks to determine whether, for each requested batch, the instrument has (i) all the necessary blood sample tubes, 
(ii) the type and amount of reagents necessary to test the batch, and (iii) the type and number of cassettes required 
for the batch tests. 

[0170] If the instrument is ready to perform the required tests, the PCU sends a signal to the instrument to begin the 
batch processing work procedure, discussed below. Further, the PCU produces the main screen display on the monitor, 
and the user continues to have access to the PCU to perform other tasks, such as defining other batches and looking 
at reports, while the batch processing work procedure is being performed. 

[0171] Figures 49-51 show the open instrument cover work procedure; and as previously mentioned, during this 
procedure the required reagents and microtiter plates are placed on the instrument. To begin this procedure, at step 
1402, the user selects the "instrument" menu item from the PCU menu bar. The 'instrument' menu is then displayed 
on the monitor at step 1404, and at step 1406 the user selects the "open cover" menu item. After this menu item is 
requested, the PCU sends a message at step 1 41 0 to the instrument requesting the instrument to open the instrument 
cover. In response, at step 1412, the instrument cover is opened, and the instrument transmits to the PCU a signal 
15 confirming that this has been done. 

[01 72] Next, at step 1 41 4, the PCU displays an "open cover" dialogue on the monitor, and this dialogue is or includes 
a logical representation of each module on the instrument accessible to the user. These modules include the reagent 
rotor, the sample rotor, and the special cassette racks. In addition, the display includes a logical representation of any 
cassettes, reagent, and sample tubes on the instrument. 
20 [0173] At step 1416, the user places in the instrument two dilution racks, a reagent rack with the reagent bottles, 
and a sample rack with the sample tubes needed for the requested batches. After the reagent rack and bottles are 
placed on the instrument, the reagent rack is rotated to move each reagent bottle past the bar code reader, and the 
reader checks to determine whether each reagent bottle has a bar code. If any bottle does not have a bar code, a 
subroutine, discussed in detail below, is invoked. However, if all of the reagent bottles have bar codes, then the instru- 
ment cover work procedure proceeds to step 1420. 

[01 74] At this step 1 420, the user sends a message to the PCU to begin the continue operation procedure, discussed 
above. Preferably, this message is sent to the PCU by means of a graphics interface on the monitor. For example, the 
"open cover" dialogue box on the PCU monitor may contain the term "exit," and the user may send the above-discussed 
message to the PCU by aligning a cursor, or other suitable indicator, with that exit term. The PCU, at step 1422, then 
transmits a message to the instrument to begin initialization of various modules; and the instrument then begins the 
Continue Operation procedure, as represented by step 1424. 
[0175] After the continue operation procedure is completed, the STU at step 1430, sends a signal to that effect to 
the PCU. If any error messages were received by the PCU from the STU during operation of the continue operation 
procedure, then, after receipt of the signal indicating that the continue operation procedure is completed, the PCU 
35 returns to step 1410 of the instrument cover work procedure, and the PCU continues on from there. 

[01 76] If no such error messages were received by the PCU, then at step 1 432, the PCU checks the status of all the 
defined batches by requesting a series of reports from the instrument; and, in particular, as represented by step 1434, 
the PCU checks to determine that, for each requested batch, ail of the necessary sample tubes, reagents, and cassettes 
are in the instrument. For each batch test that is ready to be run, the PCU transmits a signal to the instrument to begin 
that test; and in particular, the PCU sends a signal to the instrument to begin the batch processing work procedure, in 
addition, the PCU produces the main screen display on the monitor, and the user continues to have access to the PCU 
to perform other tasks such as defining other batch tasks and looking at reports. 

[0177] As mentioned above, if, at step 1416, a reagent bottle is found not to have a bar code, then a subroutine is 
invoked, and this subroutine is shown in Figure 51. Preferably, this subroutine is invoked at step 1436 by the user 
sending the message to the PCU, and this also may be done by means of a graphics interface. For instance, the "open 
cover" dialogue on the PCU monitor may include a representation of a button or switch labeled "reagent-rack," and 
the user may transmit the above-discussed message to the PCU by aligning a cursor with this representation of the 
button. In response to this signal, the PCU, at steps 1440 and 1442, displays a dialogue, referred to as the "reagents- 
dialogue on the screen. 

so [0178] This reagents dialogue identifies each location on the reagent rack and includes a description of the reagent 
in that location. The dialogue also includes a list of all the reagent types that may be used on the instrument. For each 
reagent bottle that does not have a bar code, the user, at step 1444 identifies on the list on the dialogue, the type of 
reagent in that bottle. After the reagent type has been identified for each bottle that does not have a bar code, then at 
step 1 446, the user transmits a message to the PCU, preferably also via graphics interface, to terminate this subroutine. 
Upon receipt of this message, the PCU returns to step 1420 of the open instrument cover work procedure. 
[01 79] With reference to Figure 52, the user initiates the batch definition work procedure at step 1 502 by transmitting 
a signal to the PCU to do this. For example, the main menu screen display of the PCU main contain a logical repre- 
sentation of a button referred to as the "batch definition" button, and the user may initiation the batch definition work 
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procedure by aligning a cursor with that batch definition button. In response to receipt of this signal, at step 1504 the 
PCU displays a "Define Batch" dialogue on the monitor. This dialogue includes a list of the various items that must be 
designated for each batch test, including the sample type, the test type, and the test priority. To designate the sample 
type, the user, at step 1506, transmits a signal to the PCU to display on the monitor a complete list of the possible 
s sample types, and the user designates one of those types as the type that is to be used in the test presently being 
defined. 

[0180] Similarly, to define the type of test, the user transmits a signal to the PCU at step 1510 to display on the 
monitor a complete list of the possible test types, and the user designates one of those types as the type of the test 
presently being defined. In addition, preferably, the test can be assigned either a normal or a high priority. The defined 
10 batch display includes logical representations of these two priorities, and at step 1512 the user designates or selects 
one of these logical representations on the monitor to identify to the PCU the type of priority to be given to the test 
being defined. 

[0181] After ail the test options have been selected, the user, at step 1514, transmits a signal to the PCU to indicate 
that this has been done, and preferably this is done via a graphics interface on the monitor. Then, at step 1516, the 
15 PCU displays another dialogue, referred to as the "Batch" dialogue, on the monitor, and the user at step 1520 then 
transmits to the PCU data relating to a blood sample to be tested in this particular batch test. For instance, preferably, 
a bar code is on the sample vial indicating various data, including an identification number for the vial, and a bar code 
scanner is traversed across that bar code to transmit those data to the PCU. As represented by steps 1 522, and 1 524, 
additional data items, such as the date and time the sample was collected, and any additional data that the user may 
consider appropriate, may be transmitted to the PCU via the keyboard. 

[01 82] If more than one blood sample is to be tested in this particular batch test, then the user, at step 1 526, transmits 
a signal to the PCU to indicate that additional samples are to be added, and steps 1516-1524 are repeated, once for 
each additional blood sample. After the desired data has been entered for all the blood samples, the program moves 
on to step 1530. At this step, the user transmits a message to the PCU that the definition for this particular batch test 
has been completed; and, in response, the PCU transmits, at step 1532, a message to the instrument identifying all 
the steps needed to perform this batch of tests. Then at step 1534, the PCU removes the "Batch" dialogue from the 
monitor and displays the "defined batch" dialogue. If additional batch tests are to be defined, then steps 1506-1534 
are repeated, once for each additional batch test that is to be defined. After all the batch tests have been defined, the 
user transmits a signal to the PCU at step 1536 to indicate completion of these definitions, and preferably this is done 
via graphics interface. In response to this message, the PCU terminates the batch definition work procedure, and the 
PCU displays the main menu screen on the monitor. 

[0183] The sample access door procedure is illustrated in Figures 53 and 54. To initiate this procedure, the user, at 
step 1602, selects the "instrument" menu from the PCU menu bar. In response, the PCU displays the instrument menu 
at step 1604, and at step 1606 the user selects the "open access door" item from the instrument menu. At step 1610, 
the PCU then displays a dialogue, referred to as the "open access door" dialogue on the monitor, and this dialogue 
includes a logical representation of the sample rotor. On the screen, the user at steps 1612 and 1614, identifies or 
designates one of the positions of the rotor, and a message is sent to the PCU identifying this position in the rotor. In 
response, at step 161 6, the PCU transmits a message to the instrument requesting it to position a sample rotor so that 
the identified rotor position is located below the access door for placement of the samples in the instrument, and also 
requesting the instrument to unlock and open that access door. The user at step 1620 then places in the rotor, either 
the sample tubes or sample rack with the sample tubes. 

[0184] If additional sample tubes or sample racks are to be placed in the rotor, at step 1622, the user designates on 
the open access door dialogue the desired position on the rotor for these tubes or sample racks. In response to each 
such designation, the PCU at step 1 624 transmits a message to the instrument to move the rotor so that the designated 
position is moved beneath the sample access door and that door is, if necessary, unlocked and opened. The user then 
places the sample tubes and racks in the designated positions. After the sample tubes have been placed in the rotor, 
the user sends a message at step 1626 to the PCU to indicate that this job has been completed. Preferably, this is 
done by means of graphics interface. For instance, the "open access door" dialogue may contain a logical represen- 
tation of an exit button or switch, and the user may align a cursor or other indicator with that logical representation to 
50 transmit the above-mentioned message to the PCU. " " " " 

[0185] In response to receipt of this message, the PCU transmits a message to the instrument at step 1630 to lock, 
the sample access door. Also, at step 1 632, the instrument then checks the bar code on each sample tube to determine 
where each tube has been placed. Preferably, this is done by rotating the sample rotor stepwise, so that each opening 
in the rotor is positioned in front of the bar code scanner, and the bar code reader then reads the bar code on the 
sample tube in each position. If any errors are detected, an error message is sent to the PCU at step 1634. After this 
verification is complete, a message is sent to the PCU to indicate this fact, as represented by step 1636. 
[0186] If any error messages were received by the PCU while the instrument was verifying the bar code of each 
sample tube placed in the instrument, then, after receipt of the signal that this verification process is completed, the 
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PGU returns to step 1610 of the access door work procedure, and continues on from there. However, if no such error 
messages were received by the PCU during this bar code verification procedure, then, after that procedure is com- 
pleted, the PCU, at step 1640, checks the status of ali of the defined batches by requesting a series of reports from 
the instrument. Specifically, as represented by step 1642, the PCU checks to determine that, for each requested batch, 

5 all of the necessary sample tubes, reagents, and cassettes are in the instrument. For each batch test that is ready to 
be run, the PCU sends a signal to the instrument to begin that test, and specifically, the PCU sends a signal to the 
instrument to begin the batch processing work procedure. Also, the PCU displays the main screen display on the 
monitor, and the user continues to have access to the PCU to perform other jobs such as defining additional batch 
tests and reviewing report results. 

10 [0187] Figures 55-59 illustrate the batch processing procedure, and this procedure is begun, at step 1702, when the 
instrument receives a message from the PCU instructing the instrument to start a specific batch. Then, at step 1704, 
the cassette drawer assembly positions one of the abo/rh ? ABO/Rh cassettes therein for removal by the gripper. 
Specifically, this is done by moving the cassette slide tray so that the front cassette in the row of abo/rh ? ABO/Rh 
cassettes is located in the gripper access position. At step 1706, the gripper then moves from its current position to a 

15 position over the cassette access opening and over the row of cassettes containing the abo/rh ? ABO/Rh cassettes; 
and the gripper moves down, grips the front abo/rh ? ABO/Rh cassette, and removes that cassette from the slide tray. 
Next, at step 1710, the gripper moves the cassette past the bar code reader; and at step 1712, the reader reads the 
bar code on the cassette to identify, for example, the recommended expiration date of the cassette, the identification 
of the cassette type, and other information about the cassette such as its manufacturing lot number and sequence 

20 number. 

[0188] Then, at step 1714, the gripper moves the cassette over the outer ring of the incubator module, and at step 
1716, the incubator rotates so that an available, open position therein is located below the gripper access opening. At 
step 1 720, the gripper places the cassette in that incubator position, and then the gripper moves out of the incubator. 
Next, at steps 1 722, 1 724, and 1 726, the incubator rotates to move the cassette beneath the foil punch, the foil punch 
25 punches openings in all six wells of the cassette, starting with the outer most well of the cassette, and then the incubator 
rotates to move the cassette beneath the pipette access opening. 

[0189] In the next series of steps, the desired fluids from racks 302 and 304 are deposited in the cassette. More 
specifically, at steps 1730 and 1732, the sample rotor rotates to move the patient's sample tube into the aspirate 
position, and the tube down holder is activated to position the arm thereof over the patient's sample tube. At step 1734, 
30 the pipette is moved downward into the sample tube until the pipette reaches the patient's plasma and then 80 microliters 
of the plasma is aspirated into the pipette. Next, at steps 1736 and 1740, the pipette is moved over the first well of the 
cassette beneath the pipette access opening in the incubator, and the pipette dispenses 40 microliters of the plasma 
into each of the first and second wells of the cassette. 

[0190] At step 1742, the pipette is moved back over the patient's sample tube in the sample rack and lowered back 

35 into that tube until the pipette reaches the patient's red blood cells, and those cells are aspirated into the pipette. At 
steps 1744 and 1746, the pipette is withdrawn from the patient's sample tube, positioned over a given well in the first 
cell dilution rack, and then dispenses the cells into that well. The pipette also dispenses a measured volume of saline 
into that well to produce a 5% cell suspension therein. After this, at step 1750 the pipette removes 40 microliters of the 
cell suspension liquid from the dilution well and dispenses 10 microliters of that cell suspension liquid into each of the 

40 third, fourth, fifth, and sixth wells of the cassette. 

[0191] The pipette, at step 1752, is moved to and washed in the deep wash area, and then, at step 1754, the pipette 
is moved to the aspirate position over the reagent rack. The reagent rotor rotates the reagent rack at step 1756 to 
position the reagent bottle for Affirmagen Al in the aspirate positions; and then at step 1760 the pipette is moved 
downward, in the z -direction, until entering the reagent, and 10 microliters of the reagent is aspirated into the pipette. 

4 $ At step 1762, the pipette is withdrawn from the reagent vial, is positioned over the second well of the cassette, and 
dispenses that 10 microliters of Affirmagen Al into that cassette well. At steps 1764 and 1766, the pipette is moved to 
and washed in the shallow wash area, and then moved back to the aspirate position over the reagent rack. 
[0192] The reagent rotor rotates the reagent rack, at step 1770, to position the reagent vial containing Affirmagen B 
in the aspirate position, and at step 1772, the pipette moves into that vial and withdraws 10 microliters of the liquid. At 

50 step 1774, the pipette is withdrawn from the vial, moved to a position directly over the first well of the cassette in the 
incubator, and dispenses the 10 microliters of the Affirmagen B into that well. The pipette is then moved to the shallow 
wash area and washed therein, at step 1776. 

[01 93] In the next series of steps, the cassette is moved to the centrifuge module and centrif uged therein. In particular, 
at step 1 780, the incubator motor rotates the incubator to move the cassette to the gripper access position, and at step 
55 1782 the gripper then removes the cassette from the incubator. The centrifuge rotates, at step ",784, to position itself 
for arrival of the cassette; and the gripper is positioned, at step 1786, over the centrifuge access slot and deposits the 
cassette in the centrifuge. The incubator rotates, at step 1 790, to move a second cassette, referred to as a balance 
cassette -which may be a cassette without any reagents or fluids added to it-- to the gripper access position. At step 
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1792, the gripper moves back to the incubator and removes the balance cassette therefrom via the gripper access 
opening. At steps 1 794 and 1 796, the centrifuge rotates 1 80?, and the gripper is moved back over the centrifuge access 
slot and deposits the balance cassette therein. After this, at step 1802, the gripper withdraws from the centrifuge and 
closes the centrifuge door. 

5 [0194] At step 1804, the centrifuge then spins for two minutes at a slow speed, followed by a three minute spin at a 
fast speed; and after this, at step 1806, the centrifuge stops spinning and the centrifuge motor operates so that the 
centrifuge comes to a stop with the cassette being tested in the gripper access position. The gripper is then operated, 
at step 1 81 0, to open the centrifuge door and to remove the test cassette from the centrifuge. 

[01 95] At steps 1812 and 1814, the autoreader rotor positions itself to accept the test cassette, and the gripper moves 
io to the autoreader module and places the test cassette in the autoreader storage carousel. Afterwards, or while this is 
taking place, the centrifuge rotates to move the balance cassette to the gripper access position; and then at step 1816, 
the gripper is moved back to the centrifuge, removes the balance cassette therefrom, and carries that cassette to, and 
deposits it back in, the incubator. 

[0196] At step 1820, the autoreader transport or mover 662 slides over the autoreader carousel; and at step 1822, 
the autoreader storage carousel rotates to move the test cassette to a position adjacent to the frame 632. Then, at 
step 1824, the autoreader transport operates to carry the test cassette from the carousel and into the autoreader 
holding frame, in a position such that an image of the fifth and sixth wells in the cassette is produced on the camera 
CCD. An image of these two wells is taken at step 1826; and, at step 1830, the transport moves the cassette so that 
the third and fourth wells of the cassette are in the camera view, and at step 1 832, an image of these two wells is taken. 
Next, at steps 1834 and 1836, the autoreader transport moves the test cassette so that the first and second wells in 
the cassette are in the camera view, and an image of these two wells is taken. After this, at step 1840, the test cassette 
is rotated 180?, making the back of the cassette available to the camera. Then, as represented by steps 1842-1854, 
images are taken of the first and second wells, of the third and fourth wells, and of the fifth and sixth wells of the 
cassette, with the autoreader transport moving the test cassette, before each image is taken, to position the desired 
25 pair of wells in the camera view. 

[0197] The data obtained from the images are processed at step 1856 to determine if any reaction occurred in each 
of the wells of the test cassette, and, if so, to determine the strength of that reaction. After the desired data processing 
is completed, a test result for each well in the cassette is sent to the PCU, and a further message is sent to the PCU 
indicating the completion of the batch test. The autoreader transport, at step 1862, then removes the test cassette 
30 from the frame and deposits the cassette in the waste receptacle. 

[0198] Figure 60 generally outlines a procedure for analyzing the image produced on the camera to classify the 
reaction that occurred in the test cassette. In the first part of this procedure, represented by box 1880, the image of 
the cassette is produced on the pixel array, and each pixel is assigned a data value representing the intensity of the 
image on the pixel. Then, as represented by box 1882, the image processing program searches for the location of 
each column in the source image on the pixel array; and after a column is located, the program generates a window 
to cover the bead area where the red cells are located. 

[0199] For the feature calculation, represented by box 1884, the program begins to extract features related to the 
reaction that occurred in the column. The features extracted include (1 ) parameters related to the cell pellet shape; (2) 
the red cell agglutinates in the column; and (3) the side to side balance of red cells in the column. The cell pellet in the 
bottom of the column is first obtained by applying a global threshold in the V shape region of the column; and to analyze 
the pellet shape, the upper border of the cell pellet is fitted with a linear line. 

[0200] Subsequently, a fixed mask is used to cover the whole column area, and then the program extracts the number 
of red cell agglutinates and their distribution in the column. For this purpose, the bead column is divided into five zones 
referred to as the positive zone, the negative zone and three intermediate zones. Generally, the positive zone is defined 
so as to contain the surface are on the top of the glass beads, and the negative zone is defined as the cell pellet area. 
The bead area between the positive and negative zone is divided into three areas to form the intermediate zones. The 
next step in the program is to determine the number of pixels in the positive zone that are illuminated at an intensity 
below a given value, and then the number of red cell agglutinates located in each of the intermediate zones is deter-, 
mined by means of an operation referred to as a top-hat operation. The feature calculation program then examines 
so the balance of agglutinates between the left and right halves of the column. 

[0201] For each column, the above parameters are preferably calculated for both the front and back side images of 
the column. As represented by box 1886, the two calculated values for each parameter are combined, and the agglu- 
tination reaction is then classified on the basis of these combined features. 

[0202] The reviewing results procedure is illustrated in Figures 61 and 62. The PCU maintains a current record of 
the status of each batch test and of the status of each test in each batch. As represented by steps 1902 and 1904, 
when a batch of tests is being performed, that batch and the individual tests in the batch have a status referred to as 
■running"; and when the batch of tests is completed, the status of the batch changes from "running" to "finished" and 
the status of the individual tests in the batch change from "running" to "completed." 
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[Q2Q3] Preferably, the PCU produces a display on the monitor that lists all of the tests being performed by the instru- 
ment and the current status of each test, and the display also includes a logical representation of a button or switch 
referred to as the "results" button. As represented by steps 1 906 and 1 91 0, to observe the results of a completed test, 
the operator uses graphics interface, first, to identify or designate that test on the list on the graphical display, and 

s second, to designate the "results" button. In response, the PCU, at step 1912, then produces a dialogue on the monitor, 
re f errec j to as the "results" dialogue that shows the grade of the reaction in each well of the test cassette. 
[0204] Preferably, as represented by step 1 914, the user has the option of modifying or altering the records of the 
test results, and this also may be done by graphics interface. More specifically, the "results" dialogue also contains a 
logical representation of a button or switch referred to as the "modify" button; and to initiate this modify procedure, the 

10 user, at step 1916, designates or identifies that button on the display. In response, at step 1920, the PCU produces a 
dialogue referred to as a "modify" dialogue that contains logical representations of a number of editing features that 
allow the user to alter the grade of the reaction in each well of the test cassette. For example, the "modify" dialogue 
may include a display of each well associated with both up and down arrows; and the user, at step 1922, is able to 
increase or decrease the reaction grade by selecting or designating the associated up or down arrow, respectively. At 

is step 1 924, the user indicates to the PCU that the modification procedure is complete by again selecting or designating 
the "modify" button on the "results" dialogue. 

[0205] Preferably, the "results" dialogue also includes logical representations of buttons or switches referred to as 
"accept," "next," and "exit." When the displayed test results are acceptable, the user selects the accept button on the 
dialogue at step 1926, and the user selects the "next" button to display the results of a next test at step 1930. If the 
20 user selects this latter option, steps 1912-1930 are repeated, with the PCU displaying the results of that next test. If 
the user does not want to view any additional test results after step 1 930, then the exit button is selected at step 1 932, 
and the reviewing results work program terminates. 

Alternate Embodiments 

25 

[0206] A preferred piercing assembly 204 is one that avoids reagent carry-over from well to well in the cassettes. 
Apparatus to achieve this is shown in Figs. 63-67. Parts similar to those previously described bear the same reference 
numerals, to which the distinguishing suffix "A" is applied. 

[0207] As used in the following embodiments, "cassette" is not limited just to wells integrated in the manner shown 

30 in Fig. 5. Rather, it applies to a container of a plurality of integrated wells, however arranged, such as in a microtiter plate. 
[0208] Thus, piercing assembly 204A, Fig. 63, is mounted on outer support members or rods 240A above panel 
106 A, with the racks for the cassette (not shown) being disposed underneath assembly 204A, between that assembly 
and panel 106A, as in Fig. 9. Support members 240A are broken at 1990 to indicate that they are in fact longer than 
shown, to accommodate rack sections 206 and 210 shown in Fig. 9. 

35 [0209] More specifically, assembly 204A comprises a frame subassembly 21 4A that reciprocates up and down on 
members 240A, arrows 2000, as driven by conventional motor 2002 via drive shaft 2004, shown more clearly in Fig. 
66 and described hereinafter. Frame subassembly 21 4A in turn mounts two barrels 2010, 2020 each independently 
rotatably mounted on a common horizontal axis 2008 carried by frame subassembly 21 4A. It is these barrels that each 
supply a plurality of preferably aligned rows of piercing punches 2030 described in more detail in connection with Figs. 

40 64 and 65. A stripper 2100 is mounted below frame 214A, between it and the rack sections. (As in the previous em- 
bodiment, punches 2030 have no liquid transport function, since that is provided instead by pipette assembly 400.) 
[0210] Barrels 2010, 2020 are rotated, arrows 2012, 2022, each by means of a suitable independent conventional 
motor 2014 (shown only for barrel 2010) and drive means such as a belt 2016 that engages gear 2018 attached to the 
shaft for its respective barrel (shown again only for barrel 2010). The two independent motors serve to independently 

45 rotate barrels 2010 and 2020 within bearings 2032, Fig. 64, so that the desired row of punches, or an empty row, is 
presented downward into a cassette held in the racks below, as required for the cassette in question. As in the previous 
embodiments, a row of punches from either barrel is aligned with a cassette to be punched in one of the two rings 206 
or 210 as shown in Fig. 8. 

[0211] Turning now to Figs. 64 and 65, each barrel 2010 and 2020 preferably has six facets or sides running along 
so its axis. As shown, each facet of barrel 2010 supports a full complement of six punches 2030, except for row I (shown 
also as facet 2028 in Figs. 63 and 65), hereinafter the "home" row. Barrel 2020 also has a "home" row 1 at facet 2028 
with no punches, and row 2 with six ounches 2030. Barrel 2020, however, is different with respect to rows 3, 4, 5, and 
6 * these all preferably have only three punches 2030 each, each occupying only the first three positions from one end 
of the row. The rows 3, 4, 5, and 6 stagger from which end the punches start, Fig. 65. Thus, rows 3 and 5 both start 
55 from the end proximal to barrel 2010, and are identical, whereas rows 4 and 6 start from the end of the row distal to 
barrel 2010, and are identical. 

[0212] It will be readily appreciated that the purpose of these twin barrels of five rows each of various punches in 
combination, is to ensure there are enough different rows of punches that each punch in each row of punches is 
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dedicated to a particular reagent chemistry in a well of a cassette to be punched. Because rows 2 through 6 of barrel 
2010 are identical, this means that five different kinds of cassettes, as determined by their reagent sequences, can be 
placed into ring 210 underneath that barrel. This covers thirty different assays, each dedicated to a particular punch 
and each in five different kinds of cassettes. Each row of punches operates on one of those five types of cassettes. 
[0213] However, the use of three-punch rows in barrel 2020 provides a higher degree of flexibility per row, for ring 
206 of cassettes, as follows: 

[0214] Assume that each well in a cassette 120 as shown in Fig. 5, has unique reagents peculiar to a particular test. 
For purposes of analysis, each such unique well is assigned a unique letter of the alphabet. (In actual practice, however, 
at least one of these chemistries in a well of one cassette includes a type B antibody, and another chemistry in another 
well includes a type A antibody, to react with a liquid blood sample that is added.) Row 2 of barrel 2020, by having six 
punches, can punch wells A through F in a first cassette type. Preferably, wells A-F are different from the cassette 
types perforated by barrel 2010. The remaining punches are each dedicated to yet other wells of unique chemistry, as 
shown in the following Table 1 : 



TABLE 1 



Row Number 


Chemistries Per Punch 


Dedicated to Cassette Type 
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B 


C 


D 
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F 
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Pand 5 


® 
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P and e 


CD 


M 


N 


O 








p and e 


© 








P 


Q 


R 


5 and p 



[0215] The result is that eighteen different assays can be covered by barrel 2020, fewer in number than barrel 2010, 
again in five different types of cassettes [labeled oc, p, 5, p , and e in Table 1]. Several of these, however, can be punched 
in half of the wells, by more than one row. Thus, cassette type °c has chemistries A-F; type p has chemistries G-L; type 

5 has chemistries G, H & I and P, Q & R; type p has chemistries M-R; and type e has chemistries M, N & O and J, K 

6 L. It will be readily evident that row 3 with its three punches can work on the first three wells of either cassette type 
P or 5 (since its' punches are dedicated to chemistries G-l). Row 4 with its three punches can work on the last three 
wells of either cassette type p or e (dedicated to chemistries J-L). Row 5 with its three punches can work on the first 
three wells of either cassette type p or e (dedicated to chemistries M-O). Row 6 with its three punches can work on, 
or punch open, the last three wells of either cassette type 6 or p (dedicated to chemistries P-R). 

[0216] Another advantage in having only three punches in a row is that such a row requires only half of the wells of 
a cassette to be opened at any one time, leaving the other half in condition for further storage for use at a later time. 
This is in contrast to a row of six punches thatxiecessarily opens all wells simultaneously, so that any wells not used 
in the current test are not suitable for long-term storage for use later on. 

[0217] Yet another advantage of a plurality of punches each dedicated to a well is that the plural punches act simul- 
taneously to open a cassette, thus improving throughput. 

[0218] It will be readily apparent that each barrel has its "home" row 1 empty of punches, so that the "home" row 1 , 
can be faced downward when the other barrel has to punch open a cassette, except in the rare event in which both 
rings line up a cassette below their respective barrel that has to be opened at that time. 

[0219] It will also be readily apparent that there is nothing critical in having three punches in the "short" rows 3, 4, 5, 
and 6. For example, two such punches together could form row 3 to punch G and H, two in row 4 to punch J and K, 
two in row 5 to punch L and M, and two in row 6 to punch N and O. 

[0220] As shown in Fig. 66, a preferred drive for reciprocating frame subassembly 21 4A up and down on members 
240A comprises motor 2002 and shaft 2004, on which stud 2040 is mounted eccentric to rotating axis 2042. Stud 2040 
engages an aperture 2044 in frame subassembly 21 4A, which provides a snug fit in the vertical direction. Horizontally 
however, aperture 2044 has an opening, Fig. 63, wide enough to accommodate the lateral throw of stud 2040 as shaft 
2004 rotates, thus driving frame subassembly up and down, arrows 2046 and 2048, Fig. 66. 

[0221] Alternatively, not shown, a link arm mounted on stud 2040 could by its pivoting connection to frame 21 4A, 
cause the reciprocating action. 

[0222] The reciprocating drive, whichever is selected, acts to provide the necessary relative movement between a 
row of punches in at least one of the two barrels, and a cassette held in ring 206 or 210, Fig. 8, so that each punch of 
the row facing downward, perforates the cover, and only the cover, of a well (and its reagents) to which the punch is 
dedicated. This prevents a punch of, say row 1, acting on a well of a chemistry other than chemistries A-F, inasmuch 
as the computer stores the identity of the chemistries in each rack position, rings 206 and 210, and orders and presents 
only a punch row of the barrels suitable for and dedicated to those chemistries. Carry-over is thus prevented, all without 
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requiring a washing of the piercing assembly. 

[0223] As noted, the number of punches in the row can be identical to the number of wells in the cassette, e.g., 6. 
Preferably, some of the rows in at least one of the barrels has a number of punches less in number than the total 
number of wells per cassette. 

5 [0224] To strip each cassette off its punches as frame subassembly 214A is lifted away from the rings 206 and 210, 
arrow 2046, Fig. 66, a stripper 2100, Fig. 67, is provided. As shown, stripper 21 00 comprises a plate 21 02 with apertures 
21 04 aligned with and larger than a full complement of punches 2030 (here only three are shown) used to pierce cover 
124A of a cassette 120A. Plate 2102 is floatingly hung by washer 2103 on studs 2106 dependent from frame 21 4A, a 
compression spring 2108 being interposed between the plate and the frame. Spring 2108 is compressed as frame 

10 214A descends and punches 2030 pierce cover 124A. However, as frame 214A rises, arrow 2110, to pull punches 
2030 away, spring 2108 expands, pushing plate 2102 downward, arrow 2112, thus stripping cassette 120A off the 
punches. 

[0225] Alternatively, stripper 2100 can comprise a plurality of fingers floating on studs 2106 (not shown) and springs 
2108, to press against cover 124A between one or more punches 2030. 
15 [0226] In operation, this apparatus prevents carry-over of the contents from well to well, where each well is dedicated 
to a particular and different chemical reaction, and preferably carry-over of reagents. As noted, it is designed to operate 
on cassettes of wells having a perforatable cover over each well, wherein the wells have a pre-determined ordered 
sequence based upon their respective chemistries, that is the same for all cassettes of that type. The use then com- 
prises the steps of: 

20 

a) positioning one of said cassettes with its wells covered, at a single perforating station; 

b) perforating a cover of a desired well only with an individual punch dedicated to that well; 

c) adding at least a liquid to the wells to allow an assay to be conducted therein; and 

d) repeating said steps a) - c) with all successive cassettes so that an individual punch enters only a well with the 
25 same reagent as was in previous wells entered by said individual punch. 

[0227] While it is apparent that the invention herein disclosed is well calculated to fulfill the objects previously stated, 
it will be appreciated that numerous modifications and embodiments may be devised by those skilled in the art, and it 
is intended that the appended claims cover all such modifications and embodiments as fall within the true spirit and 
30 scope of the present invention. 



Claims 

35 1. A method of preventing carry-over of the differing contents of a plurality of covered wells integrally connected 
together so that plural wells form a cassette, there being a plurality of said cassettes containing such wells, each 
well of each cassette being dedicated to a particular, different chemical reaction and comprising at least one reagent 
within the well and a perforatable cover over the well, each cassette having an ordered sequence of wells based 
upon said dedicated reaction, that is the same as in the others of said cassettes; 

*o the method comprising the steps of: 

a) positioning one of said cassettes with its wells covered, at a single perforating station; 

b) perforating a cover of a desired well only with an individual punch dedicated to that well; 

c) adding at least a liquid to the wells to allow an assay to be conducted therein; and 

45 d) repeating said steps a) - c) with all successive cassettes so that an individual punch enters only a well with 

the same reagent as was in previous wells entered by said individual punch. 

2. A method as defined in claim 1 , wherein said step b) comprises perforating all the covers of said one cassette all 
at once with a piercing assembly comprising the same number of individual punches as the number of wells present, 

50 so that any given individual punch enters only a well for which that particular punch is dedicated. 

3. A method as defined in claim 1 or 2, wherein said punches are aligned in a row for a given cassette, a plural 
number of rows of punches of varying number are provided for plural different cassettes, and wherein said punch 
rows are rotated about an axis to move a corresponding punch row into position for perforating a given cassette's 

55 cover. 

4. A method as defined in claim 1 or 2, wherein said reagents in one of said wells is a type B antibody, and in another 
of said wells is a type A antibody, and wherein the liquid that is added is a blood sample. 
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5. A method as defined in claim 1 or 2, and further comprising the step of stripping said one cassette from said punch 
each time said punch is removed. 

6. A station for holding and opening containers, the containers each having a plural number of wells containing rea- 
s gents and a cover over each well, the station comprising: 

means for holding a plurality of said containers; 

a piercing assembly located adjacent the holding means for piercing openings in said covers of said wells; and 
preventing means for preventing the piercing assembly from carrying over reagent from one of said wells to 
10 another of said wells in the same container, without requiring the piercing assembly to be washed. 

7. A station as defined in claim 6, wherein said preventing means comprise, on said piercing assembly, 



15 



i) a punch dedicated to a particular well of each cassette, and 

ii) means for providing relative movement between said piercing assembly and a cassette held by said holding 
means so that said punch perforates only the cover of a well to which that punch is dedicated; 

so that carry-over of reagent from one well to a different well in the ordered sequence, is prevented. 

20 8. A station as defined in claim 7, and further comprising a pipette separate from said punch for transferring liquid 
into said wells through the cover pierced by said punch. 

9. A station as defined in claim 7, and further comprising additional punches dedicated each to a particular well of 
the cassette. 

25 

. 10. A station as defined in claim 9, wherein said punches are mounted in a first row. 

11. A station as defined in claim 10, wherein said punches of said first row is equal in number to the entire number of 
wells in each of said cassettes. 

12. A station as defined in claim 10, wherein said punches of said row is lesser in number than the entire number of 
said wells, and further including in said piercing assembly, a second row of punches, said second row being po- 
sitioned differently from said first row so as to punch said covers not punched by said first row, so that a cover of 
a well is punched only by a punch dedicated to that well. 

13. A station as defined in claim 10, wherein said punches are mounted in at least a first and a second row on a : 
rotatable barrel, and said apparatus further includes means for rotating said barrel. 

14. A station as defined in claim 13, wherein said cassette holding means comprises two concentric rings of means 
40 defining openings sized to receive and hold a cassette in each of said openings, and wherein said piercing assembly 

comprises two of said barrels independently mounted for rotation and means for rotating each barrel independently 
of the other, and said relative movement means ii) comprises a frame holding said barrels above said rings, and 
means for reciprocating said frame towards and away from said rings. 

45 15. A station as defined in claim 14, wherein each of said barrels includes a row that is free of punches, so that when 
said frame is moved to contact a cassette in one of said rings with a row of punches of one of said barrels, the 
other barrel presents to a cassette in the other of said rings, a row free of punches so that ho piercing takes place 
in said other ring when said other ring is. faced by said free row. 

so 16. A station as defined in claim 7, and further including a "stripper for stripping each cassette from said punches as; 
said punches are withdrawn after perforating said cover. 
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FIG. 40 



PCU 



RS 232 



Process 
Control ler 
(PC AT 386) 



Video Digitizer 
and DSP 



STU 



Video Cable 



CCD Camera 



RS 232 




Device Handler 
(CCU-CAT3) 



Disk 



RS 232 



Dual Channel 
Barcode Reader 



RS 405 Slapper Motor Controller Bus 



RS 405 
Davico Bus 



Sample /Reagent Rotor 



Diluter 



Centrifuge 



Incubator 



Cassette Storage 



I/O Board 



Arm - 1 X- Control ler 



Arm- 1 Y- Control ler 



Arm- 1 Z- Control ler 



Arm- 2 X -Control ler 



Arm- 2 Y-Control ler 



Arm - 2 Z- Control ler 



Auto Reader 
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( power up pcu) FIG 4IA 



PCU SENDS SYSTEM 
INITIALIZATION MSG . 
TO STU 



T 

1002 



1008 



PCU WAITS FOR CONFIRMATION 
THAT THE INITIALIZATION WAS 
COMPLETED SUCCESSFULLY - 
USER IS NOT PERMITTED TO 
LOGON 



CONT 



(VpWER UP STU^) 



r 



1004 



ST RECEIVES SYSTEM INITIALIZATION 
MSG. AND PERFORMS THE FOLLOWING: 



PIPETTOR MOVEO TO HOME 
POSITION OVER THE "SHALLOW 
WASH AREA" AND THEN WASHEO 

GRIPPER MOVEO TO HOME 
POSITION OVER CENTRIFUGE 

CASSETTE DRAWER 
INITIALI ZATION 
(COUNTS^ CASSETTES ) 

SAMPLE AND REAGENT ROTOR 
INITIALIZATION, ROTATING TO 
HOME POSITION 

AUTOREADER ROTOR 

INITIALIZATION, 

ROTATING TO HOME POSITION 

TURNING STATION TRACK AND 
TURNING STATION 
INITIALIZATION 

CENTRIFUGE INITIALIZATION, 
MOVES TO HOME POSITION 

GRIPPER DESCENDS IN THE Z 
DIRECTION INTO THE CENTRIFUGE 
AND PROCEEDS TO CHECK EVERY 
CASSETTE POSITION 
FOR A RESIDUAL CASSETTE. 
THE CENTRIFUGE ROTOR 
SEQUENTIALLY MOVES AS THE 
GRIPPER CHECKS EACH 



INCUBATOR ROTOR ROTATES 
LOOKING FOR ANY RESIDUAL 
CASSETTES 

THE GRIPPER MOVES , TO THE 
UNREADABLE CASSETTE AREA 
LOOKING FOR RESIDUAL 
CASSETTES. ANY CASSETTES 
FOUND ARE DISPOSED OF 
THROUGH THE AUTOREADER 
MODULE. 



1006 



ONCE COMPLETE, STU SENDS CONFIRMATION OF THE 
INITIALIZATION TO THE PCU 
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FIG.4IB 



1010 



PCU SENDS A MSG(S) TO THE 
STU TO DETERMINE THE STATE 
OF ITS CASSETTE INVENTORY, 
SAMPLES RESIDING IN THE 
INSTRUMENT, AND THE PRESENCE 
OF ANY MICROLITER PLATE ( S ) 



1020 



PCU WAITS FOR CONFIRMATION THAT 
THE OPERATION WAS COMPLETED 
SUCCESSFULLY- USER IS NOT 
PERMITTED TO LOGON. 



6 



1012 



SEE WORK FLOW FOR 
"CONTINUE OPERATION" 



JL 



1014 



IF CASSETTES ARE PRESENT IN 
THE CASSETTE STORAGE ORAWER ( 
THE INSTRUMENT WILL REMOVE 
THE FIRST CASSETTE IN EACH 
TRAY AND VERIFY THE TYPE OF 
CASSETTE BY READING ITS 
BARCODE. 



JL 



1016 



CERTAIN ERRORS RETURNED TO 
THE PCU (BY THE INSTRUMENT) 
ARE EXPECTED DURING THIS 
OPERATION DUE TO THE ABSENCE 
OF A REAGENT RACK, CELL 
DILUTION RACK AND CASSETTES „ 
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FIG.42A 



STATUS INFORMATION RECEIVED BY PCU AND THE USER IS NOW 

PERMITTED TO LOGON 



-I022 



USER SELECTS LOGON BUTTON (UPPER LEFT) 



PCU DISPLAYS "LOGON" DIALOG WINDOW 



1024 



1026 



USER ENTERS LOGON ID AND PASSWORD AND SELECTS "OK' 

BUTTON 



THE ENTIRE PCU MENU BAR IS ACCESSIBLE TO THE USER 
AND IS NOW READY TO BEGIN INSTRUMENT OPERATION 



I 



:I030 



-1032 

1034 
_i 



IN THIS EXAMPLE , THE USER WILL DEFINE A SINGLE ABO/RH 
BATCH CONSISTING OF ONE CENTRIFUGED WHOLE BLOOD SAMPLE 
TUBE. USER ACTIVITIES ARE SEQUENTIALLY DEFINED AS 
FOLLOWS ; 

1. THE USER WILL OPEN THE CASSETTE WASTE AREA, PLACING 

A NEW WASTE BAG IN THE INSTRUMENT (SEE CASSETTE WASTE 
WORK FLOW). 

2. THE USER WILL OPEN THE CASSETTE STORAGE DRAWER, PLACING 
THE REQUIRED CASSETTES FOR THE SHIFT IN THE 1 NSTRUMENT( SEE 
CASSETTE STORAGE WORK FLOW), 

3. THE USER WILL OPEN THE I NSTRUMENT COVER, PLACING THE 
REQUIRED REAGENT RACK (FILLED WITH REAGENTS) AND TWO 

MI CROTITER PLATES IN THE I NSTRUMENT ( SEE INSTRUMENT COVER 
WORK FLOW). 

4. THE USER WILL THEN DEFINE THE ABO/RH BATCH (SEE BATCH 
DEFINITION WORK FLOW). 

5. THE USER WILL THEN PLACE THE REQUIRED SAMPLE IN THE 
INSTRUMENT THROUGH THE SAMPLE ACCESS DOOR (SEE SAMPLE 
ACCESS DOOR WORK FLOW) . 

6. THE USER REVIEWS AND ACCEPTS TEST RESULTS RETURNED FROM 
THE INSTRUMENT (SEE REVIEWING RESULTS WORK FLOW). 
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FIG.42B 



ASSUMPTIONS: 

1. NO CASSETTES ARE RESIDING IN THE CASSETTE STORAGE DRAWER. 
THE ORAWER IS EMPTY. 

2. THE REAGENT RACK (AND REAGENTS) IS NOT IN THE INSTRUMENT. 

3. THE WASTE BAG FOR CASSETTES IS NOT IN THE INSTRUMENT AND 
NEEDS TO BE INSTALLED. 

4. SAMPLE RACKS AND SAMPLES ARE NOT IN THE INSTRUMENT. 
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FIG. 43 



(^START^ 



II02 

_L_ 



ONCE THE INSTRUMENT RECEIVES A CONTINUE MSG. FROM 
THE PCU, THE INSTRUMENT LOCKS THE COVER AND BEGINS 
INITIALIZATION OF THE INSTRUMENT FLOOR. INITIALIZA- 
TION AFTER OPENING THE COVER IS DIFFERENT FROM SYSTEM 
INITIALIZATION (PERFORMEO WHEN THE SYSTEM IS FIRST 
POWERED UP —SEE MAIN WORK FLOW FOR A DETAILED 
EXPLANATION OF SYSTEM INITIALIZATION ACTIVITIES) 



THE INITIALIZATION ACTIVITIES ARE AS FOLLOWS: 



I 104 
1 



In tSp Sa^S? T o^°Tc TE ! T ° A POSIT ION WHERE THE BARCODE 
?uc 2»™ ENT RACK IS ACCESSIBLE BY THE BARCODE SCANNER. 
THE BARCODE IS READ BY THE INSTRUMENT, IDENTIFYING THE 
LAYOUT OF THE RACK (REAGENT TYPES AND POSITIONS) AS WELL 
AS THE PHYSICAL CHARACTERISTICS OF THE RACK. 



| 2. THE PIPETTE IS WASHED IN THE SHALLOW WASH STATION 



1106 
1 



I 



3. THE REAGENT RACK ROTOR SCANS EACH DEFINED REAGENT POS 
IN THE RACK HAVING A BARCODE, VERIFYING THE TYPE AND 

b^tCes^re^Jip^ed^ 0 " BOTTLE - unbarcode ° REAQ ^T 



1 1 10 

_L_ 



ITION 



1112 



4 * J H !L R I A i ENT ROTOR ROTA TES. MOVING THE Nth REAGENT VIAL 
(BARCODED AND UNBARCODED VIALS) TO THE ASPIRATE POSITION 



1114 
1 



lul • I EfII!L! S MOVE ° ° VER THE R EAGENT VIAL AND TRAVELS IN 
I?! £ DIRECTION UNTIL IT LOCATES LIQUID DUE TO A CHANGE IN 
St^I^S^n^ PIPETTE IS THEN REMOVED FROM THE. REAGENT 
VIAL AND MOVED TO THE SHALLOW WASH STATION FOR CLEANING. 




J—® 
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FIG.44 (k£ 

1116- 



THE SAMPLE ROTOR ROTATES , MOVING THE SAMPLE RACK TYPE 
8ARC00E LABEL ON THE SAMPLE RACK INTO SCANNING 

^!oI^; T o3 HE BARCODE IS READ ' IDENTIFYING THE PHYSICAL 
CHARACTER I ST I CS 



7. THE SAMPLE ROTOR ROTATES , MOVING EACH SAMPLE TU8E 
POSITION IN THE RACK INTO BARCODE SCANNING POSITION 
EACH TUBE IN THE RACK IS THEN SEQUENTIALLY READ. 




YES 



r 



122 



THE PIPETTE IS THEN MOVED OVER THE FIRST WELL OF THE 
CELL DILUTION RACK, WHERE PRESENCE OF LIQUID IS CHECKED 
THE ABSENCE OF LIQUID IN THE WELL INDICATES A NEW ^ 
MICRO-TITER PLATE. 



124 



9. THE SAME AS #8 ABOVE EXCEPT FOR THE SECOND CELL DILUTION 
RACK . 



r 



126 



10. THE PIPETTE IS MOVEO TO ITS PARK POSITION OVER THE 
SHALLOW WASH AREA. 



L 



II30 



11. THE GRIPPER IS MOVED TO ITS PARK STATION NEAR THE 
SPECIAL CASSETTE RACK. 



II32 



12. THE REAGENT ROTOR IS SET IN MOTION, KEEPING THE REAGENT 
CELLS IN SUSPENSION. 



X 



II34 



ONCE INITIALIZATION ACTIVITIES ARE COMPLETE, CONFIRMATION 
OF THE ACTIVITY IS SENT TO THE PCU. HOWEVER, ERRORS 
DETECTED DURING ANY OF THE STEPS DESCRIBED ABOVE RESULT 
IN AN ERROR MSG(S) SENT TO THE PCU. 
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FIG. 45 



( jSTART^ ) 



1202 



THE USER SELECTS 'INSTRUMENT" MENU 
ITEM FROM THE PCU MENU BAR 



1204 



THE "INSTRUMENT" DROP DOWN MENU IS 01 SPLAYED SHOWING THE 
" FLUSH INSTRUMENT" , "OPEN ACCESS DOOR", "OPEN CASSETTE 
DRAWER" f "OPEN COVER", AND "OPEN TRASH DOOR" MENU ITEMS 



r 



1206 



USER SELECTS THE "OPEN TRASH DOOR" MENU ITEM 



r 



1210 





THE PCU SENDS A MSG(S) TO THE INSTRUMENT INDICATING THE 
DESIRE TO OPEN THE TRASH DOOR. 








>* j 


A2XZ 


THE 


INSTRUMENT OPENS UNLOCKS THE DOOR AND SENDS A CONFIRMATION 

MESSAGE TO THE PCU . 






THE PCU DISPLAYS THE "OPEN TRASH DOOR" DIALOG TO THE USER 



1216 



USER INSPECTS THE STATE OF THE TRASH BAG AND SINCE ONE IS 
NOT PRESENT , THE USER INSTALLS A NEW TRASH BAG IN THE 

INSTRUMENT. 



1220 



THE USER SELECTS "YES" ON THE DIALOG WHEN THE NEW TRASH BAG 

IS IN PLACE . 



/-122 2 



THE PCU SENDS A MSG. TO THE INSTRUMENT INDICATING THAT 
THE INSTRUMENT CAN NOW LOCK THE DOOR AND PERFORM ANY 
INITIALIZATION REQUIRED. 1 



L 



1224 



ONCE LOCKED, THE INSTRUMENT SENDS A MESSAGE BACK TO THE 
PCU INDICATING THE DOOR IS NOW LOCKED. IF THE USER NEGLECTED 
TO SHUT THE DOOR. THE INSTRUMENT WOULD HAVE RETURNED AN ERROR 
MSG., REQUIRING THE USER TO TAKE 'CORRECTIVE ACTION. 



JL 



1226 



ONCE RECEIVING CONFIRMATION THE TRASH OOOR IS LOCKEO, 
THE PCU REMOVES THE DIALOG AND DISPLAYS THE MAIN PCU MENU BAR. 
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FIG. 46 A 



1302 



THE USER SELECTS " INSTRUMENT" MENU ITEM FROM THE PCU MENU 

BAR 



1 


/H304 

i f 


THE "INSTRUMENT" DROP DOWN MENU IS DISPLAYED SHOWING THE 
"FLUSH INSTRUMENT", "OPEN ACCESS DOOR", "OPEN CASSETTE 
DRAWER", "OPEN COVER", AND "OPEN TRASH DOOR" MENU ITEMS 




/-1306 



USER SELECTS "OPEN CASSETTE DRAWER" MENU ITEM 





- (jT) ^1310 


THE PCU SENDS A MSG. TO THE INSTRUMENT REQUESTING IT TO OPEN 

THE CASSETTE STORAGE DRAWER 




.-1312 


THE INSTRUMENT UNLOCKS THE DRAWER AND SENDS A CONFIRMATION 

MSG BACK TO THE PCU 




^1314 


THE PCU DISPLAYS THE "OPEN CASSETTE DRAWER" DIALOG 
PRESENTING A LOGICAL REPRESENTATION OF THE DRAWER • EACH 
CHANNEL IN THE DRAWER IS REPRESENTED, DISPLAYING THE TYPE OF 
CASSETTE. THE NUMBER COUNTED, AND LOT # OF EACH CASSETTE TRAY . 




(J) ,-1316 


THE USER WOULD THEN PLACE THE TRAY OF ABO/Rh CASSETTES 

INTO CHANNEL N 




^-1320 


THE USER WOULD THEN SELECT THE C 
TO THE POSITION WHERE THE ABC 
IN THE INSTRUMENT DRAWER. 1 
TYPES OF CASSETTES SUPPC 


>ROP DOWN LIST THAT CORRESPONDS 
>/Rh CASSETTE TRAY WAS PLACED 
HE PCU DISPLAYS THE VARIOUS 
>RTED BY THE INSTRUMENT . 



,l CONT. 
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FIG.46B 





^4322 


THE USER SELECTS THE AE 
CASSETTE C 


JO/RH CASSETTE TYPE FOR 
CHANNEL N. 




USER SELECTS M OK ON THE "OPEN CASSETTE" DIALOG BOX 



L 



1326 



THE PCU SIGNALS THE INSTRUMENT TO LOCK THE DRAWER AND PERFORM 
ITS INITIALIZATION TASKS FOR THE DRAWER. 



1346 



THE PCU WAITS FOR A MSG FROM THE INSTRUMENT CONFIRMING 
THE INITIALIZATION OF THE OR AWE R COMPLETED. 
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FIG. 47 



L 



1330 



THE INSTRUMENT LOCKS THE CASSETTE DRAWER | 



1332 



THE INSTRUMENT COUNTS THE NUMBER OF CASSETTES IN EACH 
CHANNEL IN THE DRAWER. 



1334 



INSTRUMENT POSITIONS CHANNEL N CONTAINING A CASSETTE 
TRAY AT THE GRIPPER ACCESS POSITION. 





^1336 


INSTRUMENT MOVES GRIPPER TO CASSETTE ACCESS POSITION AND 
REMOVES THE FIRST CASSETTE IN THE TRAY. 




jH340 


THE CASSETTE IS THEN MOVED TO 
ANO READ BY THE CCD 


ITS BARCODE SCANNING POSITION 
BARCODE SCANNER. 



1342 



THE INSTRUMENT VERIFIES THE CASSETTE TYPE READ ON THE 
BARCODE LABEL IS THE TYPE SPECIFIED FOR THAT CHANNEL 
POSITION BY THE USER ON THE PCU DIALOG SCREEN- 
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ONCE RECEIVING CONFIRMATION THE CASSETTE DRAWER IS 
LOCKED , THE PCU REMOVES THE DIALOG AND DISPLAYS THE 

MAIN PCU MENU BAR 




/- ,352 


PCU NOW CHECKS THE STATUS OF ALL DEFINED BATCHES BY 
REQUESTING A SERIES OF REPORTS FROM THE INSTRUMENT 







FOR EVERY BATCH THAT IS READY (EACH BATCH MUST HAVE ALL 
DEFINED SAMPLE TUBES IN THE INSTRUMENT, AN ADEQUATE 
AMOUNT OF EACH REAGENT, AND THE REQUIRED NUMBER OF 
CASSETTES) THE PCU SIGNALS THE INSTRUMENT TO BEGIN 
PROCESSING THE BATCH. THE PCU THEN RETURNS THE USER TO 
THE MAIN STATUS SCREEN WHERE OTHER TASKS MAY BE PERFORMED 
(DEFINING OTHER BATCHES, LOOKING AT REPORTS, ETC.). 
RESULTS ARE SPONTANEOUSLY SENT TO THE PCU WHEN THE 
BECOME AVAILABLE. 



SEE INSTRUMENT BATCH PROCESSING WORK FLOW 
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FIG.49A 



1402 



THE USER SELECTS INSTRUMENT" MENU ITEM FROM THE PCU 

MENU BAR 




^1404 


THE "INSTRUMENT" OROP DOWN ^ 
"FLUSH INSTRUMENT", "OPEN A 
ORAWER " , "OPEN COVER", AND 


tENU IS DISPLAYED SHOWING THE 
>CCESS DOOR", "OPEN CASSETTE 
"OPEN TRASH DOOR" MENU ITEMS 



1406 



USER SELECTS "OPEN COVER" MENU ITEM 



© 


/ I4I ° 




THE PCU SENDS A MSG . TO THE INSTRUMENT REQUESTING IT TO 
OPEN THE INSTRUMENT COVFR 


1 < 


k ■ L_ 


THE INSTRUMENT UNLOCKS THE C 

MSG. BACK 


OVER AND SENDS A CONFIRMATION 
TO THE PCU 



1414 



!2LmF= ?i^ooT S THE ° PEN <*> V ER~ DIALOG. DISPLAYING EACH 
MODULE ACCESSIBLE TO THE USER. THESE INCLUDE: REAGENT 
ROTOR, SAMPLE ROTOR, AND SPECIAL CASSETTE RACKS. ANY 
CASSETTES, REAGENTS, AND/OR SAMPLE TUBES ARE DISPLAYED TO 
THE USER ON THE PCU SCREEN. 



r 



1416 



THE USER PLACES TWO DILUTION RACKS, REAGENT RACK (WITH 
REAGENT BOTTLES), AND SAMPLE TUBES FOR THE DEFINED 
BATCHES IN THE INSTRUMENT IF APPROPRIATE. 




YES 



CONT. i 



NO 
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FIG.49B 



1420 



USER SELECTS THE "EXIT BUTTON" AT THE 
LOWER RIGHT OF THE PCU DIALOG BOX 



422 



PCU SIGNALS THE INSTRUMENT (SENOS 
A MESSAGE) TO BEGIN INITIALIZATION 
OF THE INSTRUMENT FLOOR. 



426 



PCU NOW WAITS FOR A RESPONSE 
FROM THE INSTRUMENT 



WERE ERRORS RECEIVED 
.FROM THE INSTRUMENT? 



YES 



1424 



SEE WORK FLOW 
FOR "CONTINUE 
OPERATION " 



1430 



INSTRUMENT SENDS A 
REPLY TO THE PCU 
INDICATING COVER 
INITIALIZATION IS 
COMPLETE 



NO 




<£P 0895088A2_I_> 
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FIG.50 



•1432 



E2i,U?J, CHECKS THE STA ™S OF ALL DEFINED BATCHES BY 
REQUESTING A SERIES OF REPORTS FROM THE INSTRUMENT 



-1434 



Jif 5J»S=I CH THAT IS READY (EACH BATCH MUST HAVE 
.™ 0EF1NED SAMPLE TUBES IN THE INSTRUMENT, AN 
■ui««2I^ T f AM0UNT OF EACH REAGENT, AND THE REQUIRED 
TlfS 2£nSJi;fII E ; ) ™ E PCU S ' GNA «-S THE INSTRUMENT TO 
uIIr 5U ?22 E S!^ G .I HE BATCH - THE PCU THEN RETURNS THE 
p?RPoI2pJ HE n«;^I ATUS SCREEN WHERE OTHER TASKS MAY BE 
PERFORMED (DEFINING OTHER BATCHES, LOOKING AT REPORTS, 
ETC.). RESULTS ARE SPONTANEOUSLY SENT TO THE PCU WHEN 

THEY BECOME AVAILABLE. 



SEE INSTRUMENT BATCH PROCESSING WORK FLOW 
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FIG. 51 



1 



1436 



THE USER SELECTS THE "REAGENT— RACK " BUTTON 
TOWARDS THE UPPER PORTION OF THE "OPEN COVER * 
DIALOG SCREEN 



1440 



THE PCU DISPLAYS THE "REAGENTS " DIALOG SCREEN 



1442 



THE PCU DISPLAYS THE " PRIMARY" REAGENT RACK TYPE 
AS THE DEFAULT . IF THE PRIMARY RACK IS NOT DESIRED, 
THE USER CAN MODIFY THIS FIELD BY SELECTING THE 
DROP DOWN LIST. 



USING THE DROP OOWN LIST DEFINED FOR EACH REAGENT 
(THE POSITION OF EACH BOTTLE AND THE TYPE OF REAGENTS 
DEFINED IN THE RACK ARE PART OF THE INSTRUMENT 
INHERENT CONFIGURATION AND NOT ACCESSIBLE BY THE 
USER), THE USER SELECTS THE LOT NUMBER OF THE 
UNBARCODED REAGENT. 



^~I444 



YES 



.ARETHERE MORE UNBARCODED REAGENT BOTTLES?" 



NO 



r 



1446 



THE USER SELECTS THE "OK" BUTTON AND IS RETURNEO TO 
THE "OPEN COVER" DIALOG WINDOW 
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FIG.52A 



(start) 



L 



1502 



USER SELECTS "BATCH-DEFINITION " BUTTON 



L 



1504 



PCU DISPLAYS THE "DEFINE BATCH" DIALOG TO THE USER. 



<D 



1506 



THE USER SELECTS THE SAMPLE TYPE DROP DOWN LIST AND 
CHOOSES THE CENTBLOOD SAMPLE TYPE 



1510 



THE USER SELECTS THE TEST DROP DOWN LIST AND CHOOSES 
AND ABO/RH TEST. 



1512 



THE USER SETS THE BATCH PRIORITY (EITHER (N)ORMAL 

OR (P)RIORITY) 



L 



1514 



ONCE ALL OPTIONS ARE SET TO THE USER'S SATISFACTION, 
_ THE USER SELECTS THE "OK" BUTTON 



1516 



THE PCU NOW DISPLAYS THE "BATCH" DIALOG WITH CURSOR 
RESIDING IN THE "SAMPLE II) FIELD. 



L 



1520 



THE USER TAKES THE DESIRED SAMPLE IN HAND AND SCANS 
THE SAMPLE TUBE BARCODE USING THE CCD HAND HELD 
BARCOOE SCANNER . THE SCANNER READS THE BARCODE AND 
POPULATES THE FIELD. 



1522 



THE USER IS REQUIRED TO FILL IN THE COLLECTION DATE 

AND TIME FIELOS. THE PCU AUTOMATICALLY POPULATES 
THESE FIELDS WITH CURRENT D ATE ANO TIME. 

CONT. 
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£ 



1524 



AT THIS TIME, THE USER MAY ENTER ANY DESIRED 
DEMOGRAPHIC DATA 



ARE THERE ANY FURTHER" 
SAMPLES TO ADD TO THE 
BATCH? 



YES 



L 



1526 



THE USER SELECTS THE 
"OK" BUTTON 





NO 

r 1530 (h 


| USER SELECTS "BATCH COMPLETE" BUTTON 1 




| ^ 1532 


PCU SEND 


MESSAGES TO THE INSTRUMENT DEFINING THE 1 
BATCH 




yH534 


THE BATCH DIALOG IS REMOVED AND THE "DEFINE BATCH" 
DIALOG IS DISPLAYED ONCE AGAIN. 



JslORE BATCHES TO DEFINE? - 



YES 



NO 



£ 



1536 



USER SELECTS "EXIT" AND IS RETURNED TO THE PCU'S 
MAIN MENU SCREEN (SEE MAIN WORK FLOW). 



.0895088A2J_> 
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FIG.53A 



(start) 





^-1602 


THE USER SELECTS "INSTRUMENT" MENU ITEM FROM THE PCU 

MENU BAR 



1604 



THE •'INSTRUMENT" DROP DOWN MENU IS DISPLAYED SHOWING THE 
"FLUSH INSTRUMENT" , "OPEN ACCESS DOOR", "OPEN CASSETTE 
DRAWER", "OPEN COVER" , AND "OPEN TRASH DOOR" MENU ITEMS 



L 



1606 



USER SELECTS "OPEN ACCESS DOOR" MENU ITEM 



1610 



1 1 / 

THE PCU NOW DISPLAYS THE "OPEN ACCESS DOOR" DIALOG WINDOW. 
NOTE - THE ACCESS DOOR IS NOT UNLOCKEO AT THIS TIME. THE 
USER MUST FIRST SELECT THE ROTOR POSITION DESIRED BEFORE THE 

INSTRUMENT UNLOCKS THE DOOR. 




/I6I2 


THE. USER SELECTS THE SAMPLE ROTOR POSITION DESIRED BY 1 
SELECTING THE "ROTATE TO:" DROP OOWN LIST. | 




^-1614 



THE USER THEN SELECTS "OK" 



CONT. 
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F1G.53B 



1616 



THE PCU SENDS A MSG. TO THE INSTRUMENT REQUESTING IT TO 
POSITION THE SAMPLE ROTOR AND OPEN THE INSTRUMENT ACCESS 
OOOR FOR SAMPLE PLACEMENT IN THE INSTRUMENT 



1620 



THE USER PLACES THE SAMPLE 
RACK (WITH SAMPLE TUBES) 
OR SAMPLE TUBE(S) IN THE 
INSTRUMENT. 





.-1624 


THE USER SELECTS THE "OK" 
BUTTON AND THE INSTRUMENT 
POSITIONS THE ROTOR TO THE 
DESIRED LOCATION. 




^1622 


THE USER SELECTS THE SAMPLE 
ROTOR POSITION DESIRED BY 
SELECTING THE -ROTATE TO:" 
DROP DOWN LIST. 




YES 



THE 


USER SELECTS THE "EXIT" BUTTON. | 








,-1630 


THE 


PCU SIGNALS 


THE INSTRUMENT TO LOCK 


THE DOOR. 


— H 









<5) 
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1636 



1 



FIG. 54 



PCU WAITS FOR A RESPONSE FROM THE 
INSTRUMENT BEFORE ALLOWING THE 
USER TO CONTINUE. 




PCU NOW CHECKS THE STATUS OF ALL 
DEFINEO BATCHES BY REQUESTING 
A SERIES OF REPORTS FROM THE 
INSTRUMENT 





^1632 


THE INSTRUMENT VERIFIES 
THE BARCODE ID OF EACH 
TUBE PLACED IN THE 
INSTRUMENT. 








YES 



1634 



INSTRUMENT SENTS AN 
ERROR MSQ(S) TO THE 
PCU. 



1642 



FOR EVERY BATCH THAT IS READY (EACH BATCH MUST HAVE ALL 
DEFINED SAMPLE TUBES IN THE INSTRUMENT , AN ADEQUATE 
AMOUNT OF EACH REAGENT, AND THE REQUIRED NUMBER OF 
CASSETTES) THE PCU SIGNALS THE INSTRUMENT TO BEGIN 
PROCESSING THE BATCH. THE PCU THEN RETURNS THE USER TO 
THE MAIN STATUS SCREEN WHERE OTHER TASKS MAY BE PERFORMED 
(OEFINING OTHER BATCHES, LOOKING AT REPORTS, ETC.) 
RESULTS ARE SPONTANEOUSLY SENT TO THE PCU WHEN THEY 

BECOME AVAILABLE. 



SEE INSTRUMENT BATCH PROCESSING 
WORK FLOW 
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FIG.55A 



ASSUMPTION: A SINGLE ABO/Rh BATCH CONSISTING OF 
ONE PATIENT SAMPLE TUBE CONTAINING CENTRIFUGED 
WHOLE BLOOD. 



C START ) 



-1702 



INSTRUMENT RECEIVES A MSG. 

TO START A S 


FROM THE PCU INSTRUCTING IT 
PECIFIC BATCH. 






THE CASSETTE DRAWER POSITIONS ITSELF FOR ABO/Rh CASSETTE 

REMOVAL BY THE GRIPPER. 




,-1706 


THE GRIPPER MOVES FROM ITS CURRENT POSITION TO A POSITION 
OVER THE CHANNEL CONTAINING THE ABO/Rh CASSETTES THE 

GRIPP I? ™ N ™*^ LS IN THE z direct!™ reSv?ng T a \ 

SINGLE ABO/Rh CASSETTE FROM THE CHANNFI 




^-1710 


THE GRIPPER POSITIONS ITSELF IN FRONT OF THE FIXED 
POSTION BARCODE SCANNER AND HORIZONTALLY MOVES THE 
CASSETTE PAST THE READER. 




^1712 


THE INSTRUMENT READS THE CASSETTE BARCODE LABEL 
R tJd£ E w N6 ..J? E CASSETT E*S EXPIRATION DATE, CASSETTE 
TYPE II, UNIQUE SEQUENCE NUMBER, AND LOT NUMBER. 




^1714 


THE GRIPPER MOVES THE CASSETTE OVER THE OUTER RING OF ] 
THE INCUBATOR MOOULE. ! 




' ^1716 


THE INCUBATOR ROTOR ROTATES 

CASSETTE 


TO AN AVAILABLE POSITION FOR 
DEPOSIT. 
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F1G.55B 


/-I722 


THE INCUBATOR ROTATES, MOVING THE DEPOSITED CASSETTE BENEATH 

THE FOIL PUNCH. 




.-1724 


THE FOIL PUNCH PUNCHES ALL SIX WELLS OF THE CASSETTE , 
STARTING WITH THE OUTERMOST WELL OF THE CASSETTE. 




^-1726 


THE INCUBATOR ROTATES, MOVING THE FRESHLY PUNCHEO CASSETTE 
TO THE INCUBATOR'S PIPETTING POSITION. 




^1730 


THE SAMPLE ROTOR ROTATES, MOVING THE PATIENT SAMPLE TUBE 
BENEATH THE SAMPLE TUBE DOWNHOLDER FOR SAMPLE ASPIRATION. 




^1732 


THE SAMPLE TUBE DOWNHOLDER IS ACTIVATED, HOLDING THE PATIENT 
SAMPLE TUBE FIRMLY IN PLACE. 




^-1734 


THE PIPETTE IS MOVED OVER THE PATIENT SAMPLE TUBE, IT IS 
THEN MOVED DOWN IN THE 2 DIRECTION, PIERCING THE TUBE'S 
RUBBER STOPPER. THE PIPETTE PROBE CONTINUES UNTIL REACHING 
THE PATIENT'S PLASMA, WHERE EIGHTY MICROLITERS IS ASPIRATED. 




^-1736 


THE PIPETTE PROBE IS THEN 
POSITIONED OVER THE FIRST W 

IN THE I 


WITHORAWN FROM THE TUBE AND 
fELL OF THE CASSETTE RESIDING 
NCUBATOR . 



® 
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FIG.56A 







/ 


^1740 


THE PIPETTE DISPENSES 40 
WELLS 1 AND 


MICR 
2 OF 


OLITERS (ML) OF PLASMA 
THE CASSETTE. 


INTO 



r 



1742 



THE PIPETTE IS MOVEO OVER THE PATIENT SAMPLE TUBE. IT IS 
THEN MOVEO DOWN IN THE Z DIRECTION, PIERCING THE TUBE'S 
RUBBER STOPPER. THE PIPETTE PROBE CONTINUES UNTIL REACHING 
THE PATIENT'S CELLS, WHERE THE PATIENT CELLS ARE ASPIRATED. 



1 


^-1744 


THE PIPETTE PROBE IS THEN WITHDRAWN FROM THE TUBE AND 
POSITIONED OVER THE CELL DILUTION RACK 1 
(WELL NUMBER 2 ON THE RACK). 




^-1746 



THE PIPETTE DISPENSES THE CELLS INTO THE WELL, FOLLOWED BY 
MEASURED VOLUME OF SALINE- BOTH SALINE AND CELLS ARE ASPIRATED 

AND DISPENSED FORM THE PIPETTE PROBE, PRODUCING A 5% CELL 
SUSPENSION. 



1750 



THE PIPETTE REMOVES 40 ML OF THE CELL SUSPENSION LIQUID FROM 

THE DILUTION WELL. 




^1752 


THE PIPETTE IS POSITIONED OVER THE CASSETTE RESIDING IN 
THE INCUBATOR, PIPETTING 10 ML OF THE CELL SUSPENSION INTO 
WELLS 3,4,5, AND 6 OF THE CASSETTE. 




CONT. 
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FIG.56B 





^1752 


THE PIPETTE IS MOVED TO DEEP WASH AREA WHERE THE PIPETTE 

PROBE IS WASHED. 


\ 


^1754 

i / 


THE PIPETTE IS MOVED OVER ITS ASPIRATE POSTION OVER THE 

REAGENT RACK. 




,-1756 


THE REAGENT ROTOR ROTATES TO ITS ASPIRATE POSITION FOR 

AFFIRMAGEN Ai . 




^1760 


THE PIPETTE THEN MOVES DOWN IN THE Z DIRECTION UNTIL ENTERING 
THE REAGENT WHERE 1 0 ML OF THE LIQUID IS ASPIRATED. 




^1762 


THE PIPETTE WITHDRAWS FROM THE REAGENT VIAL AND POSITIONS I 
ITSELF OVER WELL 2 OF THE CASSETTE RESIDING IN THE OUTER 
RING OF THE INCUBATOR. 10 ML OF AFFIRMAGEN A1 IS DISPENSED 

INTO THE WELL. 




^1764 


THE PIPETTE THEN MOVES TO THE SHALLOW WASH AREA WHERE IT IS 

THEN WASHED. 


4 


D 
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FIG.57A 



1766 



THE PIPETTE IS MOVED OVER ITS ASPIRATE POSTION OVER THE 
REAGENT RACK. 



1770 



THE REAGENT ROTOR ROTATES " 

AFFIRM 


TO ITS ASPIRATE POSTION FOR 
*GEN B. 




^1772 


THE PIPETTE THEN MOVES DOWN IN THE 2 DIRECTION UNTIL ENTERING 
THE REAGENT, WHERE 10 ML OF THE LIQUID IS ARPIRATPn 



-1774 



THE PIPETTE WITHDRAWS FROM T 
ITSELF OVER WELL 1 OF THE CA 
RING OF THE INCUBATOR. 10 ML 

INTO TH 


HE REAGENT VIAL AND POSITIONS 
SSEtTE RESIDING IN THE OUTER 
OF AFFIRMAGEN B IS DISPENSED 
E WELL. 


, . _ ! 


/-I776 
( 


THE PIPETTE THEN MOVES TO THE SHALLOW WASH AREA WHERE IT IS 1 

THEN WASHED. 




A7Q0 


INCUBATOR ROTOR ROTATES MOVING THE CASSETTE TO ITS GRIPPER 
1 ACCESS POST ION . 




^•1782 


THE GRIPPER REMOVES THE CA! 


SSETTE FROM THE INCUBATOR. J 



CONT. 
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FIG.57B 



£ 



784 



THE CENTRIFUGE ROTATES, POSITIONING ITSELF FOR ARRIVAL OF 
THE CASSETTE. 



1786 



THE GRIPPER POSITIONS ITSELF OVER THE CENTRIFUGE ACCESS SLOT 
. AND DEPOSITS THE CASSETTE INSIDE. 



£ 



1790 



THE INCUBATOR ROTATES , POSITIONING THE BALANCE CASSETTE 
FOR GRIPPER ACCESS. 



1792 



j THE GRIPPER MOVES TO THE INCU 
1 CASS 


BATOR AND REMOVES THE BALANCE 1 
ETTE. | 




^-(794 


THE CENTRIFUGE ROTATES 180 OEGR 
[_ THE BALANC 


EES, ANTICIPATING THE ARRIVAL OF 
E CASSETTE . 



!796 



THE GRIPPER MOVES TO THE CENT 

CASSETTE 


RIFUGE AND PLACES THE BALANCE 
INSIDE. 


, ! 


^1802 


THE GRIPPER WITHDRAWS FROM IN 

THE CENTRI 


SIDE THE CENTRIFUGE AND CLOSES 
FUGE DOOR. 
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.-1804 

i 


THE CENTRIFUGE SPINS FOR TWO MINUTES AT A SLOW SPIN 
FOLLOWED BY A THREE MINUTE FAST SPIN. 




,-1806 


CENTRIFUGE STOPS SPINNING, LEAVING THE CASSETTE BEING TESTED 
IN THE GRIPPER ACCESS POSITION. 




.-1810 


THE GRIPPER OPENS THE CENT 

TEST CA 


RIFUGE DOOR AND REMOVES THE 
iSSETTE . 



1812 



THE AUTOREADER ROTOR (AR) POSITIONS ITSELF TO ACCEPT THE 
TEST CASSETTE. 





/~ 1814 


THE GRIPPER POSITIONS ITSELF AT THE AUTOREADER LOAD POSITION 1 
AND PLACES THE TEST CASSETTE IN THE ROTOR | 




/-I8I6 


THE GRIPPER THEN MOVES BACK TO THE CENTRIFUGE WHERE THE 
BALANCE CASSETTE IS REMOVED AND PLACED BACK INTO THE 

I NCUBATOR . 




^1820 


THE AUTOREADER TRANSPORT MECHANISM (ATM) SLIDES TO THE LEFT 1 
OVER THE AR IN PREPARATION FOR CASSETTE MOVEMENT IN FRONT OF 

THE CCD CAMERAS. 




/1 822 


AR ROTATES, PLACING THE CASSETTE IN POSITION FOR THE ATM. | 




CONT. 
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FIG.58B 





r 1824 


THE ATM MOVES THE CASSETTE IN FRONT OF THE CCD CAMERA 
PROVIDING THE CAMERA FIELD WITH WELLS 5 AND 6 




^1826 


| CCD CAMERA SNAPS IMAGE OF WELLS. | 


i— ! 


/-I830 

> l 


| ATM POSITIONS CASSETTE. MOVING WELLS 3 AND 4 INTO VIEW. 




.-1832 





CCD CAMERA SNAPS IMAGE OF WELLS. ] 




^-1834 


ATM POSITIONS CASSETTE, MOVING WELLS 1 AND 2 INTO VIEW. | 




/I836 




CCD CAMERA SNAPS IMAGE OF WELLS .~| 




^-1840 



THE AUTOREADER ROTATOR (AR) ROTATES CASSETTE 180 DEGREES 
MAKING THE BACK OF THE CASSETTE AVAILABLE TO THE CCD • ' 
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FIG.59 



23 





j yH842 


ATM POSITIONS CASSETTE, MOVING WELLS 
1 AND 2 INTO VIEW. 




y* I844 


CCD CAMERA SNAPS IMAGE OF WELLS. 




^1846 


ATM POSITIONS CASSETTE, MOVING WELLS \ 
3 AND 4 INTO VIEW . 




^1850 


CCD CAMERA SNAPS IMAGE OF WELLS. | 




.-1852 


ATM POSITIONS CASSETTE, MOVING WELLS I 
5 AND 6 INTO VIEW. I 




^1854 


j CCD CAMERA SNAPS IMAGE OF WELLS . I 




^1856 


A TEST RESULT (GRADE) FOR EACH WELL IN 
THE CASSETTE IS SENT TO PCU INDICATING 
THE COMPLETION OF THE BATCH. 






THE ATM THEN MOVES THE CASSETTE OVER THE 
WASTE SHOOT AND RELEASES THE CASSETTE. 




s\eez 


THE WASTE SHOOT TRANSPORTS THE CASSETTE 
OVER THE CASSETTE WASTE AREA AND RELEASES 
THE CASSETTE INTO THE BAG. 
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FIG. 60 



IMAGE ACQUISITION 

(1) INITIALIZE CAMERA AND EURESYS BOARD; 

(2) SET EURESYS BOARD PARAMETERS; 

(3) GRABE IMAGES; 

(4) READ & WRITE IMAGES. 



COLUMN DETECTION 

(1) DETERMINE THE LOCATION OF THE 
COLUMNS IN AN IMAGE; 

(2) GENERATE WINDOW TO COVER COLUMN 



FEATURE CALCULATION 

(1) EXTRACT RED CELL AGGLUTINATES: 

(2) EXTRACT CELL PELLET AND ANALYZE 
THE 00000 PELLET SHAPE; 

(3) ESTIMATE THE BALANCE OF RED CELLS 
IN A COLUMN. 



!!__ 

REACTION GRADING 

(1) COMBINE THE FEATURES; 

(2) GRADING THE REACTION ON THE 
BASIS OF THE FEATURE COMBINATION. 
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FIG.6IA 



(start) 



L 



1902 



ON THE PCU, BATCHES DISPLAY A STATUS OF "RUNNING" AS THEY 
ARE PROCESSED BY THE INSTRUMENTS. EACH TEST ASSOCIATED WITH 
A BATCH WILL DISPLAY THE SAME STATUS 



L 



1904 



AS BATCHES COMPLETE, THE STATUS CHANGES FROM "RUNNING" 
TO "FINISHED". AN INDIVIDUAL TEST BELONGING TO THE BATCH 
WILL CHANGE FROM "RUNNING" TO "COMPLETED" 



L 



1906 



T eL™f R „£ S FREE T0 SELECT ANY TEST DISPLAYING A COMPLETED 



I— < 


/-I9I0 


THE USER SELECTS THE "RESULTS " BUTTON DISPLAYED AT THE UPPER 1 
1 RIGHT OF THE STATUS SCREEN. | 


@— 


/•I9I2 


THE PCU DISPLAYS THE "RESULTS " DIALOG WINOOW DISPLAYING THE 1 
1 GRADE OF EACH CASSETTE WELL. j 


\ 


/H9I4 


THE USER REVIEWS THE RESULTS. ACCEPTING THE RETURNED RESULTS 
1 OR MODIFYING THEM TO AN ACCEPTABLE VALUE. 




- " , — •. ;i. 
CONT. 
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FIG.6IB 



<^CCEPT 


YES 

RESULTS7^> "(j^) 


USER SELECTS THE "MODIFY" BUTTON. 




f 


PCU OISPLAYS THE "MODIFY" DIALOG WINDOW FOR EDITING OF 

TEST RESULTS. 






EACH WELL IS DISPLAYED WITH THEIR ASSOCIATED RESULTS. THE 
USER IS ABLE TO CHANGE THE RESULTS BY SELECTING THE UP OR 
DOWN ARROW KEY ASSOCIATED WITH EACH WELL. 




/•I924 


THE USER SELECTS THE "MODIFY" BUTTON WHEN COMPLETE. 
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FIG.62 




1926 



THE USER SELECTS THE "ACCEPT" BUTTON . 



1930 



THE USER MAY NOW LOOK AT THE NEXT AVAILABLE TEST 
RESULT BY SELECTING THE "NEXT" BUTTON OR EXIT 

TO THE MAIN MENU. 




YES 




24] 



1 


NO l9 ( 32 

) 


THE USER SELECTS THE "EXIT" BUTTON. 
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